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pffl ATFH APPI irATIQNS 
This application is a continuation-in-part application of U.S. application serial no. 
08/584.03 1 filed January 9. 1996. the contents of which are incorporated herein by reference. 

prfl p OF THE INVENTION 
The present invention relates generally to the identification, isolation, and recombinant 
P^uctionofanovelcyto^^ 

to Apo-2 ligand antibodies and to methods of using such compositions. 

pftf fffiHOiiND T THF invention 
Control of cell numbers in mammals is believed to be determined, in part, by a balance 
between cell proliferation and cel. death. One form of cell death, sometimes referred to as necrotic cell death, 
is typically characterized as a pathologic form of cell death resulting from some trauma or cellular mjury. In 
contrast, there is another, physiologic- form of cell death which usually proceeds in an orderly or controlled 
manner This orderly or controlled form of cel. dead, is often referred to as "apoptosis" [see. Barret aU 
fMteto&V, 12:487-493 (1994)]. Apoptotic cell death naturally occurs in many physiologtcal processes, 
including embryonic development and clonal selection in the immune system [Itoh et a!.. CSJl 6*233-243 
(,991)1 Decreased levels of apoptotic cell death, however. have been associated with a variety of patholog.cal 
conditions, including cancer, lupus, and herpes virus infection [Thompson, S« W- 1456-1462 (1995)] 
Apoptotic cell death is typically accompanied by one or more characteristic morphoiog.cal 
and biochemical changes in cells, such as condensation of cytoplasm, loss of plasma membrane microvilli, 
segmentation of the nucleus, degradation of chromosomal DNA or loss of mitochondrial function. A vanety 
„fext™sicandm«rir*icsign^ 
changes [Raff. ^3^:397^00(1992)^ 

(,993)] For instance, they can be triggered by hormonal stimuli, such as glucocorticoid hormones for 
immature thymocytes, as well as withdrawal of certain growth factors [Watanabe-Fukunaga et a... Nju*. 
3J6-3I4-317 (1992)1. Also, some identified oncogenes such as myc, rel, and EM, and tumor suppressors. I,ke 
P 53, have been reported to have a role in inducing apop«osis. Certain chemotherapy drugs and some forms of 
radiation have likewise been observed to have apoptosis-inducing activity [Thompson, supra]. 

Various molecules, such as rumor necrosis factor-* ("TNF-o"), tumor necrosis factor-P 
("TNF-P" or Wotoxin-). CD30 ligand, CD27 ligand. CD40 ligand, OX-40 ligand, 4-1BB ligand, and 
Apo- 1 ligand (also referred to as Fas ligand or CD95 ligand) have been identified as members of the tumor 
necrosis factor (W) family of cytokines [S«, e.g.. Oruss and Dower, filaai. 81:3378-3404 (1995)]. 
Among these molecules. TNF-o, TNF-P, CD30 ligand, 4-1BB ligand, and Apo-1 ligand have been reported 
to be involved in apoptotic cell death. Both TNF-o and TNF-pi»ve been reported to induce apoptot.c death 
in susceptible tumor cells [Schmid e, a... FW m Acad, Scj.. 82:188. (.986); Dealtry e, al., EyU. 
lnunU noi.n:689(1987)]. Zheng et al. have reported that TNF-o is involved in post-stimulation apoptos.s 
of CD8-posi«ive T cells [Zheng et a... NaMs, 222:348-351 (1995)J. Other investigators have reported that 
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CD30 ligand may be involved in deletion of self-reactive T cells in the thymus [ Amakawa et al.. Cold Spring 
Harbor I-aboratory Symposium on Programmed Cell Death, Abstr. No, 10, (1995)]. 

Mutations in the mouse Fas/Apo-I receptor or ligand genes (called Ipr and gid, respectively) 
have been associated with some autoimmune disorders, indicating that Apo-1 ligand may play a role in 
5 regulating the clonal deletion of self-reactive lymphocytes in the periphery [Krammer et al., Cunr. Op, 
Immunol . £279-289 (1994); Nagata et al., Science., 262:1449-1456 (1995)]. Apo-1 ligand is also reported* 
to induce post-stimulation apoptosis in CD4-positive T lymphocytes and in B lymphocytes, and may be 
involved in the elimination of activated lymphocytes when their function is no longer needed [Krammer et al., 
supra : Nagata et al., supra ]. Agonist mouse monoclonal antibodies specifically binding to the Apo-1 receptor 

1 0 have been reported to exhibit cell killing activity that is comparable to or similar to that of TNF-a f Yonehara 
et al, J.Exp. Med.. 162:1747-1756 (1989)]. 

Induction of various cellular responses mediated by such TNF family cytokines is believed 
to be initiated by their binding to specific celt receptors. Two distinct TNF receptors of approximately 55-kDa 
(TNF-R1) and 75-kDa (TNF-R2) have been identified [Hohman et al., J. Biol. Chem. . 264:14927-14934 

15 (1989); Brockhaus et al.. Proc. Natl. Acad. ScL 87:3 127-3 1 3 1 (1990); EP417.563, published March 20, 1991] 
and human and mouse cDNAs corresponding to both receptor types have been isolated and characterized 
(Loetscheret al., £eJL £1:351 (1990); SchaHetal.,£eil, 61:361 (1990); Smith et al., Science. 244:1019* 1023 
(1990); Lewis et al, Proc. Natl. Acad. Sci . 58:2830-2834 (1991); Goodwin et al., Mol. Cell. Biol. . 11:3020- 
3026(1991)]. 

20 Itoh et al. disclose that the Apo-1 receptor can signal an apoptotic cell death similar to that 

signaled by the 55-kDa TNF-R1 [ltoh et al, sjroraj. Expression of the Apo-1 antigen has also been reported 
to be down-regulated along with that of TNF-R I when cells are treated with either TNF-a or anti-Apo- 1 mouse 
monoclonal antibody [Krammer et al., supra : Nagata et al., supra ]. Accordingly, some investigators have 
hypothesized that cell lines that co-express both Apo-1 and TNF-R1 receptors may mediate cell killing through 

25 common signaling pathways [ Id.] , 

The TNF family ligands identified to date, with the exception of lymphotoxin-a, are type 
H transmembrane proteins, whose C-lerminus is extracellular. In contrast, the receptors in the TNF receptor 
(TNFR) family identified to date are type 1 transmembrane proteins. In both the TNF ligand and receptor 
families, however, homology identified between family members has been found mainly in the extracellular 

30 domain ("ECD"). Several of the TNF family cytokines, including TNF-a, Apo-1 ligand and CD40 ligand, are 
cleaved proteolytically at the cell surface; the resulting protein in each case typically forms a homotrimeric 
molecule that functions as a soluble cytokine. TNF receptor family proteins are also usually cleaved 
proteolytically to release soluble receptor ECDs that can function as inhibitors of the cognate cytokines. For 
a review of the TNF family of cytokines and their receptors, see Grass and Dower, supra . 

35 SUMMARY OF THE INVENTION 

Applicants have identified cDNA clones that encode a novel cytokine, designated "Apo-2 
ligand." It is presently believed that Apo-2 ligand is a member of the TNF cytokine family; Apo-2 ligand is 
related in amino acid sequence to some known TNF-related proteins, including the Apo- 1 ligand. Applicants 



-2- 



10 



15 



PCT/US97/00272 

WO 97/25428 

found, however.that«hcApo-21igand is not inhibited appreciably by knownsolubleApo-. or TOF receptor, 
such as the Fas/Apo-1, TNF-R1 . or TNF-R2 receptors. 

in one embodiment, the invention provides isolated biologically active Apo-2 hgand. In 
particular, the invention provides isolated biologically active Apo-2 ligand which includes an amino acid 
sequence comprising residues 114-281 ofFigure 1A. In another embodiment, the Apo-2 ligand mcludes an 
amino acW sequence c^ismg residues 41-281 or 15-281 ofFigure 1A. In anofter embodiment elated 
biologically active Apo-2 ligand includes an amino acid sequence shown as residues 1-281 ofFigure 1A(SEQ 
IDNO:l). 

In another embodiment, the invention provides chimeric molecules comprising Apo-2 ligand 
fused to another, heterologous polypeptide. An example of such a chimeric molecule comprises the Apo-2 
ligand fused to a tag polypeptide sequence. 

In another embodiment, the invention provides an isolated nucleic acid molecule encoding 
Apo-2 ligand. In one aspect, the nucleic acid molecule is RNA or DNA that encodes a biologically active Apo- 
2 ligand orfccomplementarytoanucleic acid sequence encoding such Apo-2 ligand, and remains stably bound 
,o it under at least moderately stringent conditions. In one embodiment, the nucleic acid sequence is selected 
from: 

(a) the coding region of the nucleic acid sequence ofFigure 1 A that codes for the full-length 
protein from residue 1 to residue 281 (i.e., nucleotides 91 through 933). inclusive, or nucleotides 21 1 through 
933 that encodes for the extracellular protein from residue 4 1 to 28 1 , inclusive, or nucleotides 430 through 933 
that encodes for the extracellular protein from residue 114 to 281. inclusive, of the nucleic acid sequence shown 

in Figure I A (SEQ ID NO:2); or 

(b) asequence corresponding to the sequence of (a) within the scope of degeneracy of the 

genetic code. 

In a further embodiment, the invention provides a replicable vector comprising the nucleic 
acid molecule encoding the Apo-2 ligand operably linked to control sequences recognized by a host cell 
transfected or transformed with the vector. A host cell comprising the vector or the nucleic acid molecule is 
also provided. A method of producing Apo-2 ligand which comprises culturing a host cell comprising the 
nucleic acid molecule and recovering the protein from the host cell culture is further provided. 

In another embodiment, the invention provides an antibody which binds to the Apo-2 ligand. 
30 in one aspect, the antibody is a monoclonal antibody having antigen specificity for Apo-2 ligand. 

In another embodiment, the invention provides a composition comprising biologically active 
Apo-2 ligand and a pharmaceutically-acceptable carrier. The composition may be a pharmaceutical 
composition useful for inducing or stimulating apoptosis. 

In another embodiment, the invention provides a method for inducing apoptosis in 
35 mammalian cells, comprising exposing mammalian cells, in vivo or ex vivo, to an amount of Apo-2 ligand 

effective for inducing apoptosis. 

In another embodiment, the invention provides methods of treating a mammal having cancer. 
1„ ,he methods, an effective amount of Apo-2 ligand is administered to a mammal diagnosed as having cancer. 
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The Apo-2 ligand may also be administered to the mammal along with one or more other therapies, such as 
chemotherapy, radiation therapy, or other agents capable of exerting anti-tumor activity. 

A further embodiment of the invention provides articles of manufacture and kits that include 
Apo-2 ligand or Apo-2 ligand antibodies. The articles of manufacture and kits include a container, a label on 
5 the container, and a composition contained within the container. The label on the container indicates that the 
composition can be used for certain therapeutic or non-therapeutic applications. The composition contains an 
active agent, and the active agent comprises Apo-2 ligand or Apo-2 ligand antibodies. 

BRIEF DESCRIPTION OF TH E DRAWINGS 
Figure I A shows the nucleotide sequence of human Apo-2 ligand cDNA and its derived 
10 amino acid sequence. 

Figure IB shows an alignment of the C-terminal region of human Apo-2 ligand with the 
corresponding region of known members of the human TNF cytokine family, 4-lBBL, OX40L, CD27L, 
CD30L, TNF-a, LT-P, LT-a, CD40L, and Apo-IL. 

Figures 1C- IE show (C) the cellular topology of the recombinant, full-length, C-terminal myc 
1 5 epitope-tagged Apo-2 ligand expressed in human 293 cells, as determined by FACS analysis using anti-myc 
epitope antibody; (D) the size and subunit structure of recombinant, Hisj 0 epitope-tagged soluble Apo-2 
expressed in recombinant baculovirus-infected insect cells and purified by Ni 2+ -chelate affinity 
chromatography, as determined with (lanes 2, 3) or without (lane 1 ) chemical crosslinking followed by SDS- 
PAGE and silver staining; (E) the size and subunit structure of recombinant, gD epitope-tagged, soluble Apo-2 
20 ligand expressed in metabolically labeled human 293 cells, as determined by immunoprecipitation with anti-gD 
epitope antibody, followed by SDS-PAGE and autoradiography. 

Figures 2A-2E show the induction of apoptosis in B and T lymphocyte cell lines by Apo-2 
ligand. Apoptotic cells were identified by characteristic morphological changes (A); by positive fluorescence 
staining with propidium iodide (PI) and FITC-conjugated annexin V, measured by flow cytometry (B-D); and 
25 by analysis of intemucleosomal DNA fragmentation (E). 

Figures 3A-3C show the time course and the dose-dependence of Apo-2 ligand-induced 
apoptosis and the lack of inhibition of Apo-2 ligand-induced apoptosis by soluble receptor-IgG-fusion proteins 
based on the Fas/Apo-I receptor, TNF-R1 receptor, or TNF-R2 receptor. 

Figure 4 shows the expression of Apo-2 ligand mRNA in human fetal and human adult 
30 tissues, as measured by Northern blot analysis. 

Figure 5 shows the in vivo effect of Apo-2 ligand, administered by intratumor injection, alone 
or in combination with Doxorubicin, on the weight of human MDA23 1 breast carcinoma-based tumors grown 
in nude mice. 

Figure 6 shows the in vivo effect of Apo-2 ligand, administered by intratumor injection, alone 
35 or in combination with 5-FU, on the weight of human HCTI 16 colon carcinoma-based tumors grown in nude 
mice. 

Figure 7 shows the in vivo effect of Apo-2 ligand, administered by intraperitoneal injection, 
alone or in combination with 5-FU, on the size of human HCTI 16 colon carcinoma-based tumors grown in 
nude mice. 
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Figure 8 shows the in vivo effect of Apo-2 ligand, administered by intraperitoneal injection, 
alone or in combination with S-FU, on the weight of human HCT1 16 colon carcinoma-based tumors grown in 

nude mice. 

Figure 9 is a bar diagram illustrating that Crm A but not dominant negative FADD blocks 
5 Apo-2 ligand-induced apoptosis in HeLa-S3 cells. 

Figure 10 shows FACS analysis of apoptosis induced by Apo-2 ligand and the effect of four 
anti-Apo-2 hgand antibodies: 1D1. 2G6, 2EI 1, and 5C2 (apoptotic 9D cells detected using FITC-conjugated 
annexin V - bold line; live, unstained cells - thin line). 

Figure 11 is a bar diagram illustrating antigen specificity of monoclonal antibodies ID1.2G6, 

10 2Ell,and5C2. 

Figure 1 2 is a bar diagram illustrating the results of an epitope mapping assay of monoclonal 

antibodies ID 1, 2G6, 2E11, and 5C2. 

Figure 13 is a bar diagram illustrating the results of an assay testing the ability of monoclonal 
antibody ID1 to bind to several different synthetic peptides consisting of specific amino acid regions of the 
15 Apo-2 ligand. 

nFT /VTT .FX) DESCRIPTION OF THE PREFERRED EMBODIMENTS 

l. Definitions 

The terms "Apo-2 ligand H and "Apo-2L" are used herein to refer to a polypeptide sequence 
which includes amino acid residues 1 14-281, inclusive, residues 41 -2S1, inclusive, residues 15-281, inclusive, 

20 or residues 1-281, inclusive, of the amino acid sequence shown in Figure I A, as well as biologically active 
deletional, insertional, or substitutional variants of the above sequences. In a preferred embodiment, the 
polypeptide sequence has at least residues 114-281 of Figure 1A. In another preferred embodiment, the 
biologically active variants have at least about 80% sequence identity, more preferably at least about 90% 
sequence identity, and even more preferably, at least about 95% sequence identity with any one of the above 

25 sequences. The definition encompasses Apo-2 ligand isolated from an Apo-2 ligand source, such as from the 
human tissue types described herein (see Example 8) or from another source, or prepared by recombinant or 
synthetic methods. The present definition of Apo-2 ligand excludes known EST sequences, such as GenBank 
HHEA47M, T90422, R31020, H43566, H44565. H44567, H54628, H44772, H54629, T82085, and T10524. 

The term "epitope tagged" when used herein refers to a chimeric polypeptide comprising 

30 Apo-2 ligand, or a portion thereof, fused to a "tag polypeptide". The tag polypeptide has enough residues to 
provide an epitope against which an antibody can be made, yet is short enough such that it does not interfere 
with activity of the Apo-2 ligand. The tag polypeptide preferably also is fairly unique so that the antibody does 
not substantially cross-react with other epitopes. Suitable tag polypeptides generally have at least six amino 
acid residues and usually between about 8 to about 50 amino acid residues (preferably, between about 10 to 

35 about 20 residues). 

"Isolated," when used to describe the various proteins disclosed herein, means protein that 
has been identified and separated and/or recovered from a component of its natural environment Contaminant 
components of its natural environment are materials that would typically interfere with diagnostic or therapeutic 
uses for the protein, and may include enzymes, hormones, and other proteinaceous or non-proteinaceous 
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solutes. In preferred embodiments, the protein will be purified (I) to a degree sufficient to obtain at least 15 
residues of N-terminal or internal amino acid sequence by use of a spinning cup sequenator, or (2) to 
homogeneity by SDS-PAGE under non-reducing or reducing conditions using Coomassie blue or, preferably, 
silver stain. Isolated protein includes protein in sku within recombinant cells, since at least one component of 
5 the Apo-2 ligand natural environment will not be present. Ordinarily, however, isolated protein will be 
prepared by at least one purification step. 

An "isolated" Apo-2 ligand nucleic acid molecule is a nucleic acid molecule that is identified 
and separated from at least one contaminant nucleic acid molecule with which it is ordinarily associated in the 
natural source of the Apo-2 ligand nucleic acid. An isolated Apo-2 ligand nucleic acid molecule is other than 
10 in the form or setting in which it is found in nature. Isolated Apo-2 ligand nucleic acid molecules therefore are 
distinguished from the Apo-2 ligand nucleic acid molecule as it exists in natural cells. However, an isolated 
Apo-2 ligand nucleic acid molecule includes Apo-2 ligand nucleic acid molecules contained in cells that 
ordinarily express Apo-2 ligand where, for example, the nucleic acid molecule is in a chromosomal location 
different from that of natural cells. 

The term "control sequences" refers to DNA sequences necessary for the expression of an 
operably linked coding sequence in a particular host organism. The control sequences that are suitable for 
prokaryotes, for example, include a promoter, optionally an operator sequence, and a ribosome binding site. 
Eukaryodc cells are known to utilize promoters, polyadenylation signals, and enhancers. 

Nucleic acid is "operably linked" when it is placed into a functional relationship with another 
nucleic acid sequence. For example, DNA for a presequence or secretory leader is operably linked to DNA 
for a polypeptide if it is expressed as a preprotein that participates in the secretion of the polypeptide; a 
promoter or enhancer is operably linked to a coding sequence if it affects the transcription of the sequence; or 
a ribosome binding site is operably linked to a coding sequence if it is positioned so as to facilitate translation. 
Generally, "operably linked" means that the DNA sequences being linked are contiguous, and, in the case of 
a secretory leader, contiguous and in reading phase. However, enhancers do not have to be contiguous. 
Linking is accomplished by ligation at convenient restriction sites. If such sites do not exist, the synthetic 
oligonucleotide adaptors or linkers are used in accordance with conventional practice. 

The term "antibody" is used in the broadest sense and specifically covers single anti-Apo-2 
ligand monoclonal antibodies (including agonist and antagonist antibodies) and anti-Apo-2 ligand antibody 
compositions with polyepitopic specificity. 

The term "monoclonal antibody" as used herein refers to an antibody obtained from a 
population of substantially homogeneous antibodies, Le. t the individual antibodies comprising the population 
are identical except for possible naturally-occurring mutations that may be present in minor amounts. 
Monoclonal antibodies are highly specific, being directed against a single antigenic site. Furthermore, in 
contrast to conventional (polyclonal) antibody preparations which typically include different antibodies directed 
against different determinants (epitopes), each monoclonal antibody is directed against a single determinant 
on the antigen. 

The monoclonal antibodies herein include hybrid and recombinant antibodies produced by 
splicing a variable (including hypervariable) domain of an anti-Apo-2 ligand antibody with a constant domain 
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(e.g. "humanized*' antibodies), or a light chain with a heavy chain, or a chain from one species with a chain 
from another species, or fusions with heterologous proteins, regardless of species of origin or immunoglobulin 
class or subclass designation, as well as antibody fragments (e.g.. Fab, Ffab'J^, and Fv), so long as they exhibit 
the desired activity. See, e.g. U.S. Pat. No. 4; 8 16,567 and Mage et al., in Monoclonal Antibody Production 
5 Techniques and Applications , pp.79-97 (Marcel Dekker, Inc.: New York, 1987). 

Thus, the modifier "monoclonal* 1 indicates the character of the antibody as being obtained 
from a substantially homogeneous population of antibodies, and is not to be construed as requiring production 
of the antibody by any particular method. For example, the monoclonal antibodies to be used in accordance 
with the present invention may be made by the hybridoma method first described by Kohler and Milstein, 
1 0 NaDiK, 256*495 (1 975), or may be made by recombinant DNA methods such as described in U.S. Pat. No. 
4,816,567. The "monoclonal antibodies" may also be isolated from phage libraries generated using the 
techniques described in McCafferty et al., Nature. 348:552-554 ( 1 990), for example. 

"Humanized" forms of non-human (e.g. murine) antibodies are specific chimeric 
immunoglobulins, immunoglobulin chains, or fragments thereof (such as Fv, Fab, Fab', F(ab*>2 or other antigen- 
15 binding subsequences of antibodies) which contain minimal sequence derived from non-human 
immunoglobulin. For the most part, humanized antibodies are human immunoglobulins (recipient antibody) 
in which residues from a complementarity determining region (CDR) of the recipient are replaced by residues 
from a CDR of a non-human species (donor antibody) such as mouse, rat, or rabbit having the desired 
specificity, affinity, and capacity. In some instances, Fv framework region (FR) residues of the human 
20 immunoglobulin are replaced by corresponding non-human residues. Furthermore, the humanized antibody 
may comprise residues which are found neither in the recipient antibody nor in the imported CDR or framework 
sequences. These modifications are made to further refine and optimize antibody performance. In general, 
the humanized antibody will comprise substantially all of at least one, and typically two, variable domains, in 
which all or substantially all of the CDR regions correspond to those of a non-human immunoglobulin and all 
25 or substantially all of the FR regions are those of a human immunoglobulin consensus sequence. The 
humanized antibody optimally also will comprise at least a portion of an immunoglobulin constant region (Fc), 
typically that of a human immunoglobulin. 

"Biologically active" for the purposes herein to characterize Apo-2 ligand means having the 
ability to induce or stimulate apoptosis in at least one type of mammalian cell in vivo or ex vivo. 
30 The terms "apoptosis" and "apoptotic activity" are used in a broad sense and refer to the 

orderly or controlled form of cell death in mammals that is typically accompanied by one or more characteristic 
cell changes, including condensation of cytoplasm, loss of plasma membrane microvilli, segmentation of the 
nucleus, degradation of chromosomal DNA or loss of mitochondrial function. This activity can be determined 
and measured, for instance, by cell viability assays, FACS analysis or DNA electrophoresis. 
35 The terms "cancer" and "cancerous" refer to or describe the physiological condition in 

mammals that is typically characterized by unregulated cell growth. Examples of cancer include but are not 
limited to, carcinoma, lymphoma, leukemia, blastoma, and sarcoma. More particular examples of such cancers 
include squamous cell carcinoma, small-cell lung cancer, non-small cell lung cancer, neuroblastoma, pancreatic 
cancer, glioblastoma multiforme, cervical cancer, stomach cancer, bladder cancer, hepatoma, breast cancer, 
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colon carcinoma, and head and neck cancer. In one embodiment, the cancer includes follicular lymphoma, 
carcinoma with p53 mutations, or hormone-dependent cancer such as breast cancer, prostate cancer, or ovarian 
cancer. 

The terms "treating,' 1 "treatment," and "therapy" as used herein refer to curative therapy, 
5 prophylactic therapy, and preventative therapy. 

The term "mammal" as used herein refers to any mammal classified as a mammal, including 
humans, cows, horses, dogs and cats. In a preferred embodiment of the invention, the mammal is a human. 
II. Compositions and Methods of the Invention 

The present invention provides a novel cytokine related to the TNF ligand family, the 
10 cytokine identified herein as "Apo-2 ligand * The predicted mature amino acid sequence of human Apo-2 
ligand contains 281 ammo acids, and has a calculated molecular weight of approximately 32.5 kDa and an 
Isoelectric point of approximately 7.63. There is no apparent signal sequence at the N-terminus, although 
hydropathy analysis indicates the presence of a hydrophobic region between residues 1 5 and 40. The absence 
of a signal sequence and the presence of an internal hydrophobic region suggests that Apo-2 ligand is a type 
15 II transmembrane protein. A potential N-linked glycosylation site is located at residue 109 in the putative 
extracellular region. The putative cytoplasmic region comprises amino acid residues 1-14, the transmembrane 
region comprises amino acid residues 1 5-40 and the extracellular region comprises amino acid residues 4 1 -28 1 , 
shown in Figure 1 A. An Apo-2 ligand polypeptide comprising amino acid residues 1 14-281 of the extracellular 
region, shown in Figure I A, is also described in the Examples below. 
20 A. Preparation o f Apo-2 Ligand 

The description below relates primarily to production of Apo-2 ligand by culturing cells 
transformed or transfected with a vector containing Apo-2 ligand nucleic acid and recovering the polypeptide 
from the cell culture. It is of course, contemplated that alternative methods, which are well known in the art, 
may be employed to prepare Apo-2 ligand. 
25 1. Isolation of DN A Fncoding Apo-2 Ligand 

The DNA encoding Apo-2 ligand may be obtained from any cDNA library prepared from 
tissue believed to possess the Apo-2 ligand mRNA and to express it at a detectable level. Accordingly, human 
Apo-2 ligand DNA can be conveniently obtained from a cDNA library prepared from human tissues, such as 
the bacteriophage library of human placental cDNA described in Example 1 . The Apo-2 ligand-encoding gene 
30 may also be obtained from a genomic library or by oligonucleotide synthesis. 

Libraries can be screened with probes (such as antibodies to the Apo-2 ligand or 
oligonucleotides of at least about 20-80 bases) designed to identify the gene of interest or the protein encoded 
by it. Examples of oligonucleotide probes are provided in Example I . Screening the cDNA or genomic library 
with the selected probe may be conducted using standard procedures, such as described in Sambrook et al., 
35 Molecular Cloning: A Laboratory Manual (New York: Cold Spring Harbor Laboratory Press, 1989). An 
alternative means to isolate the gene encoding Apo-2 ligand is to use PCR methodology [Sambrook et al., 
supra : Dieffenbach et al., pCR Primer A laboratory Manual (Cold Spring Harbor Laboratory Press, 1995)]. 

A preferred method of screening employs selected oligonucleotide sequences to screen cDN A 
libraries from various human tissues. Example 1 below describes techniques for screening a cDNA library with 
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two different oligonucleotide probes. Ihc oligonucleotide sequences selected as probes should be of sufficient 
length and sufficiently unambiguous so that false positives are minimized. The oligonucleotide is preferably 
labeled such that it can be detected upon hybridization to DNA in the library being screened. Methods of 
labeling are well known in the art, and include the use of radiolabels like 32 P-labeled ATP, biotinylation or 
5 enzyme labeling. 

Nucleic acid having all the protein coding sequence may be obtained by screening selected 
cDNA or genomic libraries using the deduced amino acid sequence disclosed herein, and, if necessary, using 
conventional primer extension procedures as described in Sarabrook et al., mi*> to detect precursors and 
processing intermediates of mRNA that may not have been reverse-transcribed into cDNA. 
10 Amino acid sequence variants of Apo-2 ligand can be prepared by introducing appropriate 

nucleotide changes into the Apo-2 ligand DNA, or by synthesis of the desired Apo-2 ligand polypeptide. Such 
variants represent insertions, substitutions, and/or deletions of residues within or at one or both of the ends of 
the intracellular region, the transmembrane region, or the extracellular region, or of the amino acid sequence 
shown for the full-length Apo-2 ligand in Figure 1 A. Any combination of insertion, substitution, and/or 
1 5 deletion can be made to arrive at the final construct, provided that the final construct possesses the desired 
apoptotic activity as defined herein. In a preferred embodiment, the variants have at least about 80% sequence 
identity, more preferably, at least about 90% sequence identity, and even more preferably, at least about 95% 
sequence identity with the sequences identified herein for the intracellular, transmembrane, or extracellular 
regions of Apo-2 ligand, or the full-length sequence for Apo-2 ligand. The amino acid changes also may alter 
20 post-translational processes of the Apo-2 ligand, such as changing the number or position of glycosylate sites 
or altering the membrane anchoring characteristics. 

Variations in the Apo-2 ligand sequence as described above can be made using any of the 
techniques and guidelines for conservative and non-conservative mutations set forth in U.S. Pat. No. 5,364,934. 
These include oligonucleotide-mediated (site-directed) mutagenesis, alanine scanning, and PCR mutagenesis. 
25 2. Insertion of Nur .lpJc Acid into A Renlicable Vector 

The nucleic acid (e.g., cDN A or genomic DNA) encoding native or variant Apo-2 ligand may 
be inserted into a replicable vector for further cloning (amplification of the DNA) or for expression. Various 
vectors are publicly available. The vector components generally include, but are not limited to, one or more 
of the following: a signal sequence, an origin of replication, one or more marker genes, an enhancer element, 
30 a promoter, and a transcription termination sequence, each of which is described below. 

(i) ftipnal Sequen t rnmnonent 
The Apo-2 ligand may be produced recombinantly not only directly, but also as a fusion 
polypeptide with a heterologous polypeptide, which may be a signal sequence or other polypeptide having a 
specific cleavage she at the N-terminus of the mature protein or polypeptide. In general, the signal sequence 
35 may be a component of the vector, or it may be a part of the Apo-2 ligand DNA that is inserted into the vector. 
The heterologous signal sequence selected preferably is one that is recognized and processed </.*., cleaved by 
a signal peptidase) by the host cell. The signal sequence may be a prokaryotic signal sequence selected, for 
example, from the group of the alkaline phosphatase, penicillinase, lpp, or heat-stable enterotoxtn II leaders. 
For yeast secretion the signal sequence may be, e.g. t the yeast invertase leader, alpha factor leader (including 
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Saccharomyces and Kluyveromyces a -factor leaders, the latter described in U.S. Pat. No. 5,010,182), or acid 
phosphatase leader, the C. albicans glucoamylase leader (EP 362 ,179 published 4 April 1990). or the signal 
described in WO 90/13646 published 15 November 1990. In mammalian cell expression the native Apo-2 
ligand presequence that normally directs insertion of Apo-2 ligand in the cell membrane of human cells in vivo 
5 is satisfactory, although other mammalian signal sequences may be used to direct secretion of the protein, such 
as signal sequences from secreted polypeptides of the same or related species, as well as viral secretory leaders, 
for example, the herpes simplex glycoprotein D signal. 

The DNA for such precursor region is preferably Hgated in reading frame to DNA encoding 

Apo-2 ligand. 

10 Origin Qf Replication Component 

Both expression and cloning vectors contain a nucleic acid sequence that enables the vector 
to replicate in one or more selected host cells. Generally, in cloning vectors this sequence is one that enables 
the vector to replicate independently of the host chromosomal DNA, and includes origins of replication or 
autonomously replicating sequences. Such sequences are well known for a variety of bacteria, yeast, and 

15 viruses. The origin of replication from the plasmid pBR322 is suitable for most Gram-negative bacteria, the 
2u plasmid origin is suitable for yeast, and various viral origins (SV40, polyoma, adenovirus, VS V or BPV) 
are useful for cloning vectors in mammalian cells. Generally, the origin of replication component is not needed 
for mammalian expression vectors (the SV40 origin may typically be used because it contains the early 
promoter). 

20 Most expression vectors are "shuttle" vectors, ie., they are capable of replication in at least 

one class of organisms but can be transfected into another organism for expression. For example, a vector is 
cloned in E. coli and then the same vector is transfected into yeast or mammalian cells for expression even 
though it is not capable of replicating independently of the host cell chromosome. 

DNA may also be amplified by insertion into the host genome. This is readily accomplished 

25 using Bacillus species as hosts, for example, by including in the vector a DNA sequence that is complementary 
to a sequence found in Bacillus genomic DNA. Transfection of Bacillus with this vector results in homologous 
recombination with the genome and insertion of Apo-2 ligand DNA. However, the recovery of genomic DNA 
encoding Apo-2 ligand is more complex than that of an exogenously replicated vector because restriction 
enzyme digestion is required to excise the Apo-2 ligand DNA. 

30 (ii i) Selection Gene Component 

Expression and cloning vectors typically contain a selection gene, also termed a selectable 
marker. This gene encodes a protein necessary for the survival or growth of transformed host cells grown in 
a selective culture medium. Host cells not transformed with the vector containing the selection gene will not 
survive in the culture medium. Typical selection genes encode proteins that (a) confer resistance to antibiotics 

35 or other toxins, e.g., ampicillin, neomycin, methotrexate, or tetracycline, (b) complement auxotrophic 
deficiencies, or (c) supply critical nutrients not available from complex media, e.g. A the gene encoding D- 
alanine racemase for Bacilli. 

One example of a selection scheme utilizes a drug to arrest growth of a host cell. Those cells 
that are successfully transformed with a heterologous gene produce a protein conferring drug resistance and 
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thus survive the selection regimen. Examples of such dominant selection use the drugs neomycin [Southern 
et a!., J Mnlec. And. Genet . 1:327 (1982)1, mycophenolic acid (Mulligan et al., ficjejice., 2Q2: 1422 (1980)] 
orhygromycin [Sugden et al., M Q> Biol.. £:4 10-413 (1985)]. The three examples given above employ 
bacterial genes under eukaryotic control to convey resistance to the appropriate drug G418 or neomycin 
5 (geneticin), xgpt (mycophenolic acid), or hygromycin, respectively. 

Another example of suitable selectable markers for mammalian cells are those that enable 
the identification of cells competent to take up the Apo-2 ligand nucleic acid, such as DHFR or thymidine 
kinase. The mammalian cell transformants are placed under selection pressure that only the transformants are 
uniquely adapted to survive by virtue of having taken up the marker. Selection pressure is imposed by culturing 

10 the transformants under conditions in which the concentration of selection agent in the medium is successively 
changed, thereby leading to amplification of bom the selection gene and the DN A that encodes Apo-2 ligand. 
Amplification is the process by which genes in greater demand for the production of a protein critical for 
growth are reiterated in tandem within the chromosomes of successive generations of recombinant cells. 
Increased quantities of Apo-2 ligand are synthesized from the amplified DNA. Other examples of amplifiable 

1 5 genes include metallothionein-I and -II, adenosine deaminase, and ornithine decarboxylase. 

Cells transformed with the DHFR selection gene may first be identified by culturing all of 
the transformants in a culture medium that contains methotrexate (Mtx), a competitive antagonist of DHFR. 
An appropriate host cell when wild-type DHFR is employed is the Chinese hamster ovary (CHO) cell line 
deficient in DHFR activity, prepared and propagated as described by Urlaub et al., ProC. Natl. Acad, Sci, USAt 

20 22:4216 (1980). The transformed cells are then exposed to increased levels of methotrexate. This leads to the 
synthesis of muUiple copies of the DHFR gene, and, concomitantly, multiple copies of other DNA comprising 
the expression vectors, such as the DNA encoding Apo-2 ligand. This amplification technique can be used with 
any otherwise suitable host, eg., ATCC No. CCL61 CHO-K1, notwithstanding the presence of endogenous 
DHFR if, for example, a mutant DHFR gene that is highly resistant to Mtx is employed (EP 1 17,060). 

25 Alternatively, host cells (particularly wild-type hosts that contain endogenous DHFR) 

transformed or co-transformed with DNA sequences encoding Apo-2 ligand, wild-type DHFR protein, and 
another selectable marker such as aminoglycoside S'-phosphotransferase (APH) can be selected by cell growth 
in medium containing a selection agent for the selectable marker such as an aminoglycoside antibiotic, e.g., 
kanamycin, neomycin, or G4 1 8. See U.S. Patent No. 4,965, 1 99. 

30 A suitable selection gene for use in yeast is the trp\ gene present in the yeast plasm id YRp7 

[Stinchcomb et at, Nature . 282:39 (1979); Kingsman et at, Qaifi, 2:141 (1979); Tschemper et at, Gene, 
Jfl:157 (1980)]. The trp\ gene provides a selection marker for a mutant strain of yeast lacking the ability to 
grow in tryptophan, for example, ATCC No. 44076 or PEP4-1 (Jones, Genetics, 85:12 (1977)]. The presence 
of the trp\ lesion in the yeast host cell genome then provides an effective environment for detecting 

35 transformation by growth in the absence of tryptophan. Similarly, Let£-deficicnt yeast strains (ATCC 20,622 
or 38,626) are complemented by known plasm ids bearing the Leul gene. 

In addition, vectors derived from the 1.6 urn circular plasmid pKDl can be used for 
transformation of Kluyveromyces yeasts [Bianchi et al, Cm. Genet.. 12:185 (1987)]. More recently, an 
expression system for large-scale production of recombinant calf chymosm was reported for K. lactis [Van den 
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Berg, Bw/TechnolOEY, &135 (1990)]. Stable multi-copy expression vectors for secretion of mature 
recombinant human serum albumin by industrial strains of Kluyveromyces have also been disclosed [Fleer et 
al. f Bio/Technnlogv £968-975 (1991)]. 

(iv) Promoter Component 

5 Expression and cloning vectors usually contain a promoter that is recognized by the host 

organism and is operably linked to the Apo-2 ligand nucleic acid sequence. Promoters are untranslated 
sequences located upstream (5') to the start codon of a structural gene (generally within about 100 to 1 000 bp) 
that control the transcription and translation of a particular nucleic acid sequence, such as the Apo-2 ligand 
nucleic acid sequence, to which they are operably linked. Such promoters typically fall into two classes, 
1 0 inducible and constitutive. Inducible promoters are promoters that initiate increased levels of transcription 
from DNA under their control in response to some change in culture conditions, e g. , the presence or absence 
of a nutrient or a change in temperature. At this time a large number of promoters recognized by a variety or 
potential host cells are well known. These promoters are operably linked to Apo-2 Hgand encoding DNA by 
removing the promoter from the source DNA by restriction enzyme digestion and inserting the isolated 

1 5 promoter sequence into the vector. Both the native Apo-2 ligand promoter sequence and many heterologous 
promoters may be used to direct amplification and/or expression of the Apo-2 ligand DNA, 

Promoters suitable for use with prokaryotic hosts include the p-lactamase and lactose 
promoter systems [Chang et at, Maims, 2Z£:6I5 (1978); Goeddel et al., Nature . 2ii:544 (1979)], alkaline 
phosphatase, a tryptophan (tip) promoter system [Goeddel, Nucleic Acids Res .. £4057 ( 1 980); EP 36,776], 

20 and hybrid promoters such as the tac promoter [deBoer et al., Proc. Natl. Acad. Sci. USA. £&2 1-25 (1 983)]. 
However, other known bacterial promoters are suitable. Their nucleotide sequences have been published, 
thereby enabling a skilled worker operably to ligate them to DNA encoding Apo-2 ligand (Siebenlist et al., 
£eJL 2fi:269 (1980)] using linkers or adaptors to supply any required restriction sites. Promoters for use in 
bacterial systems also will contain a Shine-Dalgarno (S.D.) sequence operably linked to the DNA encoding 

25 Apo-2 ligand. 

Promoter sequences are known for eukaryotes. Virtually all eukaryotic genes have an AT- 
rich region located approximately 25 to 30 bases upstream from the site where transcription is initiated. 
Another sequence found 70 to 80 bases upstream from the start of transcription of many genes is a CXCAAT 
region where X may be any nucleotide. At the 3' end of most eukaryotic genes is an AATAAA sequence that 
30 may be the signal for addition of the poly A tail to the 3' end of the coding sequence. All of these sequences 
are suitably inserted into eukaryotic expression vectors. 

Examples of suitable promoting sequences for use with yeast hosts include the promoters for 
3-phosphoglycerate kinase [Hitzeman et ah, J. Biol. Chem„ 25*2073 (1980)] or other glycolytic enzymes 
[Hess et a!., J , AdY. Enzyme Reg,, 1:U9 (1968); Holland, Biochemistry. 12:4900 (1978)], such as enolase. 
35 gIyceraldehyde-3-phosphate dehydrogenase, hexokinase, pyruvate decarboxylase, phosphofructokinase, 
glucose-6-phosphate isomerase, 3-phosphoglycerate mutase, pyruvate kinase, triosephosphate isomerase, 
phosphoglucose isomerase, and glucokinase. 

Other yeast promoters, which are inducible promoters having the additional advantage of 
transcription controlled by growth conditions, are the promoter regions for alcohol dehydrogenase 2, 
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glyceraldehyde-3-phosphate dehydrogenase, and enzymes responsible for maltose and galactose utilize 
Suitable vectors and promoters for use in yeast expression are further described in EP 73,657. Yeast enhancers 
also are advantageously used with yeast promoters. 

Apo-2 ligand transcription from vectors in mammalian host cells is controlled, for example, 
by promoters obtained from the genomes of viruses such as polyoma virus, fow.pox virus (UK 2,21 1,504 
published 5 July 1989), adenovirus (such as Adenovirus 2), bovine papilloma virus, avian sarcoma v.rus, 
cytomegalovirus, a retrovirus, hepathis-B virus and most preferably Simian Virus 40 (SV40), from 
heterologous mammalian promoters, e.g., the actin promoter or an immunoglobulin promoter, from heat-shock 
promoters, and from the promoter normally associated with the Apo-2 ligand sequence, provided such 
promoters are compatible with the host cell systems. 

The early and late promoters of the SV40 virus are conveniently obtained as an SV40 
restriction fragment that also contains the SV40 viral origin of replication [Ficrset aL, Mature, 222:1 13 (1978); 
Mulligan and Berg. Science, 202= 1422-1427 (1980); Pavlakis et al„ Pror Natl Acad , Sti . USA, 28:7398-7402 
(1981)]. The immediate early promoter of the human cytomegalovirus is conveniently obtained as a HindlU 
E restriction fragment [Oreenaway et al.. Sens, 11:355-360 (1982)]. A system for expressing DNA in 
mammalian hosts using the bovine papilloma virus as a vector is disclosed in U.S. Patent No. 4,4 19,446. A 
modification of this system is described in U.S. Patent No. 4,601.978 [See also Gray et al.. Mature. 22i:503- 
508 (1982) on expressing cDNA encoding immune interferon in monkey cells; Reyes et al.. Mature, 222:598- 
601 (1982) on expression of human p-interferon cDNA in mouse cells under the control of a thymidine kinase 
promoter from herpes simplex virus; Canaan! and Berg, froc Nml A«d . Sci. USA 22:5166-5170 (1982) on 
expression of the human interferon p 1 gene in cultured mouse and rabbit cells; and Gorman et al., Prog , Natl, 
Ared Sell ISA . 22:6777-6781 ( 1 982) on expression of bacterial CAT sequences in CV- 1 monkey kidney cells, 
chicken embryo fibroblasts, Chmesehamsterova.ycells.HeU cells, andmouseNIH-3T3 cells using the Rous 

25 sarcoma virus long terminal repeat as a promoter]. 

(v) Enhancer Elem ent Component 
Transcription of a DNA encoding Apo-2 ligand by higher eukaryotes may be increased by 
inserting an enhancer sequence into the vector. Enhancers are cis-acting elements of DNA. usually about from 
10 to 300 bp, that act on a promoter to increase its transcription. Enhancers are relatively orientation and 

30 position independent, having been found 5' [Laimins et al., Pror Nffl Acad , Scj, USA . 22:993 (1981)} and 
3' [Lusky et al.. M»l CellBio.. 2:1 108 (1983)1 to the transcription unit, within an intron [Banerji et al., CfilL 
22:729 (1983)], as well as within the coding sequence itself [Osborne et al., Mol Cell BiP„ 4-1293 (1984)]. 
Many enhancer sequences are now known from mammalian genes (globin, elastase, albumin, a-fetoprotein. 
and insulin). Typically, however, one will use an enhancer from a eukaryotic cell virus. Examples include the 

35 SV40 enhancer on the late side of the replication origin (bp 100-270). the cytomegalovirus early promoter 
enhancer, the polyoma enhancer on the late side of the replication origin, and adenovirus enhancers. See also 
Yaniv, Nature. 222: 17-18 (1982) on enhancing elements for activation of eukaryotic promoters. The enhancer 
may be spliced into the vector at » position 5' or Y to the Apo-2 ligand-encoding sequence, but is preferably 
located at a site 5 1 from the promoter. 



20 



-13- 



WO 97/25428 PCT/US97/00272 

(vi) Transcription Termination Component 

Expression vectors used in eukaryotic host cells (yeast, fungi, insect, plant, animal, human, 
or nucleated cells from other multicellular organisms) will also contain sequences necessary for the termination 
of transcription and for stabilizing the mRNA. Such sequences are commonly available from the 5' and, 
5 occasionally 3*, untranslated regions of eukaryotic or viral DNAs or cDNAs. These regions contain nucleotide 
segments transcribed as polyadenylated fragments in the untranslated portion of the mRNA encoding Apo*2 
iigand. 

(vii) Construction and Analysis of Vectors 

Construction of suitable vectors containing one or more of the above-listed components 
1 0 employs standard ligation techniques. Isolated plasmids or DNA fragments are cleaved, tailored, and re-ligated 
in the form desired to generate the plasmids required. 

For analysis to confirm correct sequences in plasmids constructed, the ligation mixtures can 
be used to transform £. coli K 1 2 strain 294 (ATCC 3 1 ,446) and successful transformants selected by ampicillin 
or tetracycline resistance where appropriate. Plasmids from the transformants are prepared, analyzed by 
15 restriction endonucleasc digestion, and/or sequenced by the method of Messing et at,, Nucleic Acids Res.. 
2:309 (1981) or by the method of Maxam et al., Methods in Enzvmologv. fi£:499 (1980). 

(viii) Transient Ex pression Vectors 

Expression vectors that provide for the transient expression in mammalian cells of DNA 
encoding Apo-2 Iigand may be employed. In general, transient expression involves the use of an expression 
20 vector that is able to replicate efficiently in a host ceil, such that the host cell accumulates many copies of the 
expression vector and, in rum, synthesizes high levels of a desired polypeptide encoded by the expression 
vector [Sambrook et al, supra]. Transient expression systems, comprising a suitable expression vector and 
a host cell, allow for the convenient positive identification of polypeptides encoded by cloned DNAs, as well 
as for the rapid screening of such polypeptides for desired biological or physiological properties. Thus, 
25 transient expression systems are particularly useful in the invention for purposes of identifying analogs and 
variants of Apo-2 iigand that arc biologically active Apo-2 iigand. 

(ixS Suitable Exemplary Ve rtebrate Cell Vectors 
Other methods, vectors, and host cells suitable for adaptation to the synthesis of Apo-2 Iigand 
in recombinant vertebrate ceil culture are described in Gething et al., Nature. 222*20-625 (1981 ); Mantei et 
30 aL, Nature. 221:40-46 (1979); EP 1 17,060; and EP 1 17,058. A particularly useful plasmid for mammalian cell 
culture expression of Apo-2 Iigand is pRK5 [EP 307,247; also described in Example I] or pSVI6B [WO 
91/08291 published 13 June 1991]. 

3. Selection and Transformation of Host Cells 

Suitable host cells for cloning or expressing the DNA m the vectors herein are the prokaryote, 
35 yeast, or higher eukaryote cells described above. Suitable prokaryotes for this purpose include but are not 
limited to eubacteria, such as Gram-negative or Gram-positive organisms, for example, Enterobacteriaceae such 
as Escherichia, e.g., £ coli, Enter obacier, Erwinia, Klebsiella, Proteus, Salmonella, e.g., Salmonella 
typhimurium, Serraiia, e.g, Serratia marcescans, and Shigella, as well as Bacilli such as B. subtilis and B. 
licheniformis (eg., B. I ichenij brm is 41P disclosed in DD 266,710 published 12 April 1989), Pseudomonas 
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such as P. aeruginosa, and Streptomyce$. Preferably, the host cell should secrete minimal amounts of 
proteolytic enzymes. 

In addition to prokaryotes, eukaryotic microbes such as filamentous fungi or yeast are 
suitable cloning or expression hosts for Apo-2 ligand-encoding vectors. Saccharomyces cerevisiae, or common 
5 baker's yeast, is the most commonly used among lower eukaryotic host microorganisms. However, a number 
of other genera, species, and strains are commonly available and useful herein. 

Suitable host cells for the expression of glycosylated Apo-2 ligand are derived from 
multicellular organisms. Such host cells are capable of complex processing and glycosylation activities. In 
principle, any higher eukaryotic cell culture is workable, whether from vertebrate or invertebrate culture. 

1 0 Examples of invertebrate cells include plant and insect cells. Numerous baculoviral strains and variants and 
corresponding permissive insect host cells from hosts such as Spodoptera frugiperda (caterpillar), Aedes 
aegypli (mosquito), Aedes alboplctus (mosquito), DrosopMa melanogaster (fruitfry), and Bombyx mori have 
been identified [See, «g, fjuckowetal., Bio/Technology. 6:47-55 (1988): Miller etaL. in Genetic Engineering, 
Setlow et al., eds M Vol. 8 (Plenum Publishing, 1986), pp. 277-279; and Maeda et a!., £JaQU£. 215:592-594 

1 5 (1985)]. A variety of viral strains for transfection are publicly available, eg., the L-I variant of Autographa 
californicaNPV and the Bm-5 strain of Bombyx mori NPV, and such viruses may be used as the virus herein 
according to the present invention, particularly for transfection of Spodoptera frugiperda ( H S<9") cells, 
described in Example 2. 

Plant cell cultures of cotton, corn, potato, soybean, petunia, tomato, and tobacco can be 

20 utilized as hosts. Typically, plant cells are transfected by incubation with certain strains of the bacterium 
Agrobacterium tumefaciens, which has been previously manipulated to contain the Apo-2 ligand-encoding 
DNA. During incubation of the plant cell culture with A. tume/aciens, the DNA encoding the Apo-2 ligand 
is transferred to the plant cell host such that it is transfected, and will, under appropriate conditions, express 
the Apo-2 ligand-encoding DNA. In addition, regulatory and signal sequences compatible with plant cells are 

25 available, such as the nopaline synthase promoter and polyadenylation signal sequences (Depicker et al., i. 
Mol. AddI. Gen.. 1:561 (1982)]. In addition, DNA segments isolated from the upstream region of the T-DNA 
780 gene are capable of activating or increasing transcription levels of plant-expressible genes in recombinant 
DNA-containing plant tissue [EP 321,196 published 21 June 1989]. 

Propagation of vertebrate cells in culture (tissue culture) is also well known in the art [See, 

30 e.g., Tissue Culture . Academic Press, Knise and Patterson, editors (1973)]. Examples of useful mammalian 
host cell lines are monkey kidney CV1 line transformed by SV40 (COS-7, ATCC CRL 1651); human 
embryonic kidney line (293 or 293 cells subcloned for growth in suspension culture, Graham et al. f J, pen 
Virol.. 26:59 (1977)); baby hamster kidney cells (BHK, ATCC CCL 1 0); Chinese hamster ovary cellsADHFR 
(CHO, Uriaub and Chasin, Proc. Natl. Acad. Sci. USA . 22:4216 (1980)); mouse Sertoli cells (TM4, Mather, 

35 Biol. Reprod . 21:243*25 1 (1980)); monkey kidney cells (CV I ATCC CCL 70); African green monkey kidney 
cells (VERO-76, ATCC CRW587); human cervical carcinoma cells (HELA, ATCC CCL 2); canine kidney 
cells (MDCK, ATCC CCL 34); buffalo rat liver cells (BRL 3 A, ATCC CRL 1442); human lung cells (Wl 38, 
ATCC CCL 75); human liver cells (Hep G2, HB 8065); mouse mammary tumor (MMT 060562, ATCC 
CCL51); TRI cells (Mather et al., Annals N.Y. Acad. Sci.. 251:44-68 (1982)); MRC 5 cells; and FS4 cells. 
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Host cells are transfected and preferably transformed with the above-described expression 
or cloning vectors for Apo-2 ligand production and cultured in conventional nutrient media modified as 
appropriate for inducing promoters, selecting transformants, or amplifying the genes encoding the desired 
sequences. 

5 Transfection refers to the taking up of an expression vector by a host cell whether or not any 

coding sequences are in fact expressed. Numerous methods of transfection are known to the ordinarily skilled 
artisan, for example, CaP0 4 and electroporation. Successful transfection is generally recognized when any 
indication of the operation of this vector occurs within the host cell. 

Transformation means introducing DNA into an organism so that the DNA is replicable, 

10 either as an extrachromosomal element or by chromosomal integrant. Depending on the host cell used, 
transformation is done using standard techniques appropriate to such cells. The calcium treatment employing 
calcium chloride, as described in Sambrook et at., supja, or electroporation is generally used for prokaryotes 
or other cells that contain substantial cell-wall barriers. Infection with Agrobacterium tumefaciens is used for 
transformation of certain plant cells, as described by Shaw et al, fiejlk 22:3 15 (1983) and WO 89/05859 

1 5 published 29 June 1 989. In addition, plants may be transfected using ultrasound treatment as described in WO 
91/00358 published 10 January 1991. 

For mammalian cells without such cell walls, the calcium phosphate precipitation method 
of Graham and van der Eb, Virology. 2:456-457 (1978) is preferred. General aspects of mammalian cell host 
system transformations have been described in U.S. Pat. No. 4,399,216. Transformations into yeast are 

20 typically carried out according to the method of Van Solingen et al., J. Bact. 130:946 ( 1 977) and Hsiao et a!., 
Proc. Natl. Acad. Sci. OJSA\ 26:3829 (1979). However, other methods for introducing DNA into cells, such 
as by nuclear microinjection, electroporation, bacterial protoplast fusion with intact cells, or polycatiorts, e.g., 
polybrene, pofyomithine, may also be used. For various techniques for transforming mammalian cells, see 
Keown et al, Methods in Enzvmologv. 185:527-537 (1990) and Mansour et al, Nature. 216:348-352 (1988). 

25 4. Culturinffthe Host Cells 

Prokaryotic cells used to produce Apo-2 ligand may be cultured in suitable media as 
described generally in Sambrook et al., supra. 

The mammalian host cells used to produce Apo-2 ligand may be cultured in a variety of 
media. Examples of commercially available media include Ham's F10 (Sigma), Minimal EssentialMedium 

30 ("MEM", Sigma), RPMM640 (Sigma), and Dulbecco's Modified Eagle's Medium ("DMEM", Sigma). Any 
such media may be supplemented as necessary with hormones and/or other growth factors (such as insulin, 
transferrin, or epidermal growth factor), salts (such as sodium chloride, calcium, magnesium, and phosphate), 
buffers (such as HEPES), nucleosides (such as adenosine and thymidine), antibiotics (such as Gentamycin m 
drug), trace elements (defined as inorganic compounds usually present at final concentrations in the micromolar 

35 range), and glucose or an equivalent energy source. Any other necessary supplements may also be included 
at appropriate concentrations that would be known to those skilled in the art The culture conditions, such as 
temperature, pH, and the like, are those previously used with the host cell selected for expression, and will be 
apparent to the ordinarily skilled artisan. 
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In general, principles, protocols, and practical techniques for maximizing the productivity 
of mammalian cell cultures can be found in Mammalian Cell Biotechnoloev: A Practical Approach, M. Butler, 
ed. (IRL Press, 1991). 

The host cells referred to in this disclosure encompass cells in culture as well as cells that 
5 are within a host animal. 

5. Detecting Gen e Amplification/Expression 

Gene amplification and/or expression may be measured in a sample directly, for example, 
by conventional Southern blotting, Northern blotting to quantitate the transcription ofmRNA [Thomas, PrQC, 
Natl Acad. Sci. USA. 22:5201-5205 (1980)], dot blotting (DNA analysis), or in situ hybridization, using an 

1 0 appropriately labeled probe, based on the sequences provided herein. Various labels may be employed, most 
commonly radioisotopes, and particularly ^ 2 P. However, other techniques may also be employed, such as 
using biotin-modified nucleotides for introduction into a polynucleotide. The biotin then serves as the site for 
binding to avidin or antibodies, which may be labeled with a wide variety of labels, such as radionucleotides, 
fluorescers or enzymes. Alternatively, antibodies may be employed that can recognize specific duplexes, 

15 including DNA duplexes, RNA duplexes, and DNA-RNA hybrid duplexes or DNA-protein duplexes. The 
antibodies in turn may be labeled and the assay may be carried out where the duplex is bound to a surface, so 
that upon the formation of duplex on the surface, the presence of antibody bound to the duplex can be detected. 

Gene expression, alternatively, may be measured by immunological methods, such as 
immunohistochemical staining of cells or tissue sections and assay of cell culture or body fluids, to quantitate 

20 directly the expression of gene product With immunohistochemical staining techniques, a cell sample is 
prepared, typically by dehydration and fixation, followed by reaction with labeled antibodies specific for the 
gene product coupled, where the labels are usually visually detectable, such as enzymatic labels, fluorescent 
labels, luminescent labels, and the like. 

Antibodies useful for immunohistochemical staining and/or assay of sample fluids may be 

25 either monoclonal or polyclonal, and may be prepared in any mammal. Conveniently, the antibodies may be 
prepared against a native Apo-2 Ugand polypeptide or against a synthetic peptide based on the DNA sequences 
provided herein or against exogenous sequence fused to Apo-2 ligand DNA and encoding a specific antibody 
epitope. 

6. Purification of Ligand Polypeptide 

30 Apo-2 ligand preferably is recovered from the culture medium as a secreted polypeptide, 

although it also may be recovered from host cell lysates when directly produced without a secretory signal. If 
the Apo-2 ligand is membrane-bound, it can be released from the membrane using a suitable detergent solution 
(e.g. Triton-X 100) or its extracellular region may be released by enzymatic cleavage. 

When Apo-2 ligand is produced in a recombinant cell other than one of human origin, the 

35 Apo-2 ligand is free of proteins or polypeptides of human origin. However, it is usually necessary to purify 
Apo-2 ligand from recombinant cell proteins or polypeptides to obtain preparations that are substantially 
homogeneous as to Apo-2 ligand. As a first step, the culture medium or rysate may be centrifuged to remove 
particulate cell debris. Apo-2 ligand thereafter is purified from contaminant soluble proteins and polypeptides, 
with the following procedures being exemplary of suitable purification procedures: by fractionation on an ion- 
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exchange column; ethanol precipitation; reverse phase HPLC; chromatography on silica or on a cation- 
exchange resin such as DEAE; chromatofocusing; SDS-PAGE; ammonium sulfate precipitation; gel filtration 
using, for example, Sephadex G-75; and protein A Sepharose columns to remove contaminants such as IgG. 

In a preferred embodiment, the Apo-2 ligand can be isolated by affinity chromatography, as 
5 described in Example 3. 

Apo-2 ligand variants in which residues have been deleted, inserted, or substituted are 
recovered in the same fashion as native Apo-2 ligand, taking account of any substantia] changes in properties 
occasioned by the variation. For example, preparation of an Apo-2 ligand fusion with another protein or 
polypeptide, e.g., a bacterial or viral antigen, facilitates purification; an immunoaffinity column containing 
10 antibody to the antigen can be used to adsorb the fusion polypeptide. In a preferred embodiment, an 
extracellular sequence of Apo-2 ligand is fused to a HisjQ peptide and purified by Ni^ + -chelate affinity 
chromatography. 

A protease inhibitor such as phenyl methyl sulfonyl fluoride (PMSF) also may be useful to 
inhibit proteolytic degradation during purification, and antibiotics may be included to prevent the growth of 

15 adventitious contaminants. One skilled in the art will appreciate that purification methods suitable for native 
Apo-2 ligand may require modification to account for changes in the character of Apo-2 ligand or its variants 
upon expression in recombinant cell culture. 

7. Covalent Mod ifications of Apo-2 Ligand Polypeptides 

Covalent modifications of Apo-2 ligand are included within the scope of this invention. Both 

20 native Apo-2 ligand and amino acid sequence variants of the Apo-2 ligand may be covalently modified. One 
type of covalent modification of the Apo-2 ligand is introduced into the molecule by reacting targeted amino 
acid residues of the Apo-2 ligand with an organic derivatizing agent that is capable of reacting with selected 
side chains or the N- or C-terminal residues of the Apo-2 ligand. 

Derivatization with Afunctional agents is useful for crosslinking Apo-2 iigand to a water- 

25 insoluble support matrix or surface for use in the method for purifying anti-Apo-2 iigand antibodies, and vice- 
versa. Commonly used crosslinking agents include, eg., l,l-bis(diazoacetyl>2-phenylethane, glu^araldehyde. 
N-hydroxysuccinimide esters, for example, esters with 4-azidosalicylic acid, homobifunclional imidoesters, 
including disuccinimidyl esters such as 3,3'-dimiobis(surcmimidyIpropionate), and Afunctional maleimides 
such as bis-N-maleimido-l,8-octane. Derivatizing agents such as methyl-3-[(p-azidophenyI)dithio]propioimi- 

30 date yield photoactivatable intermediates that are capable of forming crosslinks in the presence of light. 
Alternatively, reactive water-insoluble matrices such as cyanogen bromide-activated carbohydrates and the 
reactive substrates described in U.S. Patent Nos. 3,969,287; 3,691,016; 4.195,12$; 4,247,642; 4,229,537; and 
4,330,440 are employed for protein immobilization. 

Other modifications include deamidation of glutaminyl and asparaginyl residues to the 

35 corresponding glutamyl and aspartyl residues, respectively, hydroxylation of proline and lysine, 
phosphorylation of hydroxyl groups of seryl or threonyl residues, methylation of the a-amino groups of lysine, 
arginine, and histtdine side chains [T.E. Creighton, Proteins: Str ucture and Molecular Properties. W.H. 
Freeman & Co., San Francisco, pp. 79-86 (1983)], acetylation of the N-terminal amine, and amidation of any 
C-terminal carboxyl group. The modified forms of the residues fall within the scope of the present invention. 
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Another type of covalent modification of the Apo-2 ligand polypeptide included within the 
scope of this invention comprises altering the native glycosylation panem of the polypeptide. "Altering the 
native glycosylation pattern" is intended for purposes herein to mean deleting one or more carbohydrate 
moieties found in native Apo-2 ligand, and/or adding one or more glycosylation sites that are not present in the 

5 native Apo-2 ligand, 

Glycosylation of polypeptides is typically either N-linked or O-linkcd. N-linked refers to 
the attachment of the carbohydrate moiety to the side chain of an asparagine residue. The tripeptide sequences 
asparagine-X-serine and asparagine-X-threonine, where X is any amino acid except proline, are the recognition 
sequences for enzymatic attachment of the carbohydrate moiety to the asparagine side chain. Thus, the 

10 presence ofeither of these tripeptide sequences in a polypeptide creates a potential glycosylation site. O-linked 
glycosylation refers to the attachment of one of the sugars N-aceylgalactosamine. galactose, or xylose to a 
hydroxylamino acid, most commonly serine or threonine, although 5-hydroxyproline or 5-hydroxylysine may 
also be used. 

Addition of glycosylation sites to the Apo-2 ligand polypeptide may be accomplished by 
1 5 altering the amino acid sequence such that it contains one or more of the above-described tripeptide sequences 
(for N-linked glycosylation sites). The alteration may also be made by the addition of. or substitution by. one 
or more serine or threonine residues to the native Apo-2 ligand sequence (for O-linked glycosylation sites). 
The Apo-2 ligand amino acid sequence may optionally be altered through changes at the DNA level, 
particularly by mutating the DNA encoding the Apo-2 ligand polypeptide at preselected bases such that codons 
20 are generated that will translate into the desired amino acids. The DNA mutation(s) may be made using 
methods described above and in U.S. Pat No. 5,364,934, SMjaa. 

Another means of increasing the number of carbohydrate moieties on the Apo-2 ligand 
polypeptide is by chemical or enzymatic coupling of glycosides to the polypeptide. Depending on the coupling 
mode used, the sugars) may be attached to (a) arginine and histidine. (b) free carboxyl groups, (0 free 
25 sulfnydryl groups such as those of cysteine, (d) free hydroxyl groups such as those of serine, threonine, or 
hydroxyproline, (e) aromatic residues such as those of phenylalanine, tyrosine, or tryptophan, or (f) the amide 
group of glutamine. These methodsare described in WO 87/05330 published 1 1 September 1987. and in Aplin 
and Wriston, r "' Kpv B'°chem.. PP- 259-306 (1981 ). 

Removal of carbohydrate moieties present on the Apo-2 ligand polypeptide may be 
30 accomplished chemically or enzymaticalry. For instance, chemical deglycosylation by exposing the 
polypeptide to the compound trifluoromethanesulfonic acid, or an equivalent compound can result in the 
deavageof most or all sugars except the lirdung sugar (N-acetylgluc^^ while 
leaving the polypeptide intact Chemical deglycosylation is described by Hakimuddin, et al.. Arch . Pivchem. 
EiflEhyA. 252=52 (1987) and by Edge et al., Anal- Piochem,, 118:131 (1981). Enzymatic cleavage of 
35 carbohydrate moieties on polypeptides can be achieved by the use of a variety of endo- and exo-glycosidases 
as described by Thotakura et al., M rth Enzvmol.. li£:350 (1987). 

Glycosylation at potential glycosylation sites may be prevented by the use of the compound 
tunicamycin as described by Duskin et al.. i Rinl Chem.. 252:3105 (1982). Tunicamycin blocks the formation 
of protein-N-glycoside linkages. 



-19- 



10 



WO 97/25428 PCIYUS97/00272 
Another type of covalent modification of Apo-2 ligand comprises linking the Apo-2 ligand 
polypeptide to one of a variety of nonproteinaceous polymers, eg., polyethylene glycol, polypropylene glycol, 
or polyoxyalkylenes, in the manner set forth, for instance, in U.S. Patent Nos. 4,640,835; 4,496,689; 4,30 1 , 144; 
4,670,4 1 7; 4,79 1 , 1 92 or 4, 1 79,337. 

8. Fr Pi* n P e - ta fg ftd Apo-2 Ligand 

The present invention also provides chimeric polypeptides comprising Apo-2 ligand fused 
to another, heterologous polypeptide. In one embodiment, the chimeric polypeptide comprises a fusion of the 
Apo-2 ligand with a tag polypeptide which provides an epitope to which an anti-tag antibody can selectively 
bind. The epitope tag is generally placed at the amino- or carboxyl- terminus of the Apo-2 ligand. The 
presence of such epitope-tagged forms of the Apo-2 ligand can be detected using an antibody against the tag 
polypeptide. Also, provision of the epitope tag enables the Apo-2 ligand to be readily purified by affinity 
purification using an anti-tag antibody or another type of affinity matrix that binds to the epitope tag. 

Various tag polypeptides and their respective antibodies are well known in the art. Examples 
include the flu HA tag polypeptide and its antibody 12CA5 [Field ct at., Mfil. Cell. Biol. fi:2 159-2 165 (1988)); 
1 5 the c-myc tag and the 8F9, 3C7, 6E10, G4, B7 and 9E10 antibodies thereto [Evan et a!.. Molecular and Ce l lular 
Eiojflgy, 5:3610-3616 (1985)]; and the Herpes Simplex virus glycoprotein D (gD) tag and its antibody 
[Paborsky et aL, ftmrin Engineering 2(6):547-553 (1990)]. Other tag polypeptides include the Flag-peptide 
(Hopp et aL, ftinTechnologv. fi: 1204-1210 (1988)]; the KT3 epitope peptide [Martin et al... Science, 255: 192- 
194 (1992)]; an a-tubulin epitope peptide [Skinner et al.,i_BjoJ, Chffn„ 15163-15 166 (1991)]; and the 
20 T7 gene 10 protein peptide tag [Lutz-Freyermuth ct al. f toe, Natl, Acad, Scj, USA, 52:6393-6397 (1990)]. 
Once the tag polypeptide has been selected, an antibody thereto can be generated using the techniques disclosed 
herein. 

Generally, epitope-tagged Apo-2 ligand may be constructed and produced according to the 
methods described above for native and variant Apo-2 ligand. Apo-2 ligand-tag polypeptide fusions are 
25 preferably constructed by fusing the cDNA sequence encoding the Apo-2 ligand portion in-frame to the tag 
polypeptide DNA sequence and expressing the resultant DNA fusion construct in appropriate host cells. 
Ordinarily, when preparing the Apo-2 ligand-tag polypeptide chimeras of the present invention, nucleic acid 
encoding the Apo-2 ligand will be fused at its 3' end to nucleic acid encoding the N-terminus of the tag 
polypeptide, however 5' fusions are also possible. Examples of epitope-tagged Apo-2 ligand are described in 

30 further detail in Example 2 below. 

Epitope-tagged Apo-2 ligand can be purified by affinity chromatography using the anti-tag 
antibody. The matrix to which the affinity antibody is attached may include, for instance, agarose, controlled 
pore glass or poly(styrenedivinyl)benzene). The epitope-tagged Apo-2 ligand can then be eluted from the 
affinity column using techniques known in the art. 
35 B. Therapeutic Uses for Ano-2 Lieand 

Apo-2 ligand, as disclosed in the present specification, can be employed therapeutically to 
induce apoptosis in mammalian cells. Generally, the methods for inducing apoptosis in mammalian cells 
comprise exposing the cells to an effective amount of Apo-2 ligand. This can be accomplished in vivo or ex 
vivo in accordance, for instance, with the methods described below and in the Examples. It is contemplated 
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..immune disorder U. iupus and ^mune-mediated glomerular nephritis, and cancer. Therapeut.c 
application of Apo-2 ligand forthe treaDnent of cancer is described in detail below. 

navingcance, It is of cou^e opiated *at the Apo-2 Uganda be employed in combination with std, 
lr therapeutic compositions and technioue, inching other apoptosU-inducing agents, chemotherapy. 

radiation therapy, and surgery. 

TneAp^ligandisprefe^^^^ 
0 carrier Suitable carriers and their formulations are described in Pcminmn^h^^u i^nl^^ 16th 
r.^Mac.Publish.gCo.edHedbyOs.oeta.. T^-««^ — 

^ptablesaUisus^^^^ 
carrier *c.u^^ 

15 ^ in the art that certain earners may be more preferable depending upon, for instance, the route of 
administration and concentration of Apo-2 ligand being administered. 

The Apo-2 ligand can be administered to the mammal by injection (e.g.. mtravenous. 
intraperitoneal, subcutaneous, mtramuscular), « by other methods such as infusion that ensure its delivery ,o 
.^stream in an effective form, h is also contemned that the Apo-2 Hgand can be admm.stered by „ 

20 vivo or ex vivo gene therapy. j^.^in-H 
Effective dosages and schedules for administering Apo-2 hgand may be determmed 
cnpiricaUy, and making such determinations is within the skill in the art. It is presently! believed that an 
effectivedosageoramountof Apo-2 .igand used alone may range from about ! u g /kgto about 100*** 

bc^yweightormoreperday.^^ 
Jasdisclosed in Mordent 

U , atm edosageofApo-2.igandu 1 atmus,oeadministered will vary depending on. for e X amp,e. the mamma 
which wiU receive the Apo-2 .igand. the rpute of administration, and other drugs or therap.es bemg 

administered to the mammal 

Tneoneormoreomermempiesadminis^ 
30 to, chemotherapy and/or radiation therapy, immunoadjuvants, cytokines, and antibody-based 

Examples include interieukins (e*. IL-2. .L-3. .1^), leukemia inhibhory facto, mterfcrons. TGF-beta, 
e^ropoietm. thrombopoieti, anti-VEGF antibody and HER-2 antibody. Other agents known u, mduce 
a^osismnwnmahan cells may also be employed, »d such agents include TNF-«. T^F-P (.ymphotox.n- 

o), CD30 ligand, 4-1BB ligand, and Apo-1 ligand. 
3 s Chemotherapies contemplated by me invention include chemical substances or drugs wh.ch 

areknowninthea^arec^^ 
camptomecin.Uuco^^ 

Taxol, MM Cisplatin. Me.phalan. Vinblastine and Carboplatin. Preparation and dosing sche ules 
for such chemothempy may beused accordmg to manufacmrers' Actions or as determined empinc^ 
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the skilled practitioner. Preparation and dosing schedules for such chemotherapy are also described in 
Chemotherapy Service Ed, M.C. Perry, Williams & Wilkins, Baltimore, MD (1992). 

The chemotherapy is preferably administered in a phannaceutically-acceptable carrier, such 
as those described above for Apo-2 ligand. The mode of administration of the chemotherapy may be the same 
5 as employed for the Apo-2 ligand or it may be administered to the mammal via a different mode. For example, 
the Apo-2 ligand may be injected while the chemotherapy is administered orally to the mammal. Modes of 
administering chemotherapy in combination with Apo-2 ligand are described in further detail in Examples 9-12 
below. 

Radiation therapy can be administered to the mammal according to protocols commonly 
10 employed in the art and known to the skilled artisan. Such therapy may include cesium, iridium, iodine, or 
cobalt radiation. The radiation therapy may be whole body irradiation, or may be directed locally to a specific 
site or tissue in or on the body. Typically, radiation therapy is administered in pulses over a period of time 
from about 1 to about 2 weeks. The radiation therapy may, however, be administered over longer periods of 
time. Optionally, the radiation therapy may be administered as a single dose or as multiple, sequential doses. 

15 The Apo-2 ligand and one or more other therapies may be administered to the mammal 

concurrently or sequentially. Following administration of Apo-2 ligand and one or more other therapies to the 
mammal, the mammal's cancer and physiological condition can be monitored in various ways well known to 
the skilled practitioner. For instance, tumor mass may be observed physically, by biopsy or by standard x-ray . 
imaging techniques. 

20 It is contemplated that Apo-2 ligand can be employed to treat cancer cells ex vivo. Such ex 

vivo treatment may be useful in bone marrow transplantation and particularly, autologous bone marrow 
transplantation. For instance, treatment of cells or tissues) containing cancer cells with Apo-2 ligand, and 
optionally, with one or more other therapies, such as described above, can be employed to induce apoptosis 
and substantially deplete the cancer cells prior to transplantation in a recipient mammal. 

25 Cells or tissue(s) containing cancer ceils are first obtained from a donor mammal. The cells 

or tissue(s) may be obtained surgically and preferably, are obtained aseptically. In the method of treating bone 
marrow for transplantation, bone marrow is obtained from the mammal by needle aspiration. The cells or 
tissue(s) containing cancer cells are then treated with Apo-2 ligand, and optionally, with one or more other 
therapies, such as described above. Bone marrow is preferably fractionated to obtain a mononuclear cell 

30 fraction (such as by centrifugation over ficoll-hypaque gradient) prior to treatment with Apo-2 ligand. 

The treated cells or tissues) can then be infused or transplanted into a recipient mammal. 
The recipient mammal may be the same individual as the donor mammal or may be another, heterologous 
mammal. For an autologous bone marrow transplant, the mammal is treated prior to the transplant with an 
effective dose of radiation or chemotherapy as known in the art and described for example in Autologous Bone 

35 Marrow Transplantation: Proceedings of the Third International Symposium. Dicke et aL, eds„ University of 
Texas M.D. Anderson Hospital and Tumor Institute (1987). 
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C. Non-Therapeu tic Uses for Apo-2 Ligand 

The Apo-2 ugand f the invention also has utility in non-therapeutic applications. Nucleic 

acid sequences encoding the Apo-2 ligand may be used as a diagnostic for tissue-specific typing. For example, 

procedures like in situ hybridization. Northern and Southern blotting, and PCR analysis may be used to 

5 determine whether DNA and/or RNA encoding Apo-2 ligand is present in the cell type(s) being evaluated. 

Apo-2 ligand nucleic acid will also be useful for the preparation of Apo-2 polypeptide by the recombinant 

techniques described herein. 

The isolated Apo-2 ligand may be used in quantitative diagnostic assays as a control against 
which samples containing unknown quantities of Apo-2 ligand may be prepared. Apo-2 ligand preparations 
10 are also useful in generating antibodies, as standards in assays for Apo-2 Ugand {e.g., by labeling Apo-2 ligand 
for use as a standard in a radioimmunoassay, radioreceptor assay, or enzyme-linked immunoassay), in affinity 
purification techniques for example, in identifying or in isolating a receptor that binds Apo-2 ligand, and in ' 
competitive-type receptor binding assays when labeled with, for instance, radioiodine. enzymes, or 
fluorophores. 

, 5 Nuc | eic ac ids which encode Apo-2 ligand can also be used to generate either transgenic 

animals or "knock out" animals which, in turn, are useful in the development and screening of therapeutically 
useful reagents. A transgenic animal (e.g.. a mouse or rat) is an animal having cells that contain a transgene, 
which transgene was introduced into the animal or an ancestor of the animal at a prenatal, e.g.. an embryonic 
stage. A transgene is a DNA which is integrated into the genome of a cell from which a transgenic animal 

20 develops. In one embodiment. cDNA encoding Apo-2 ligand or an appropriate sequence thereof can be used 
to clone genomic DNA encoding Apc-2 ligand in accordance with established techniques and the genomic 
sequences used to generate transgenic animals that contain cells which express DNA encoding Apc-2 ligand. 
Methods for generating transgenic animals, particularly animals such as mice or rats, have become conventional 
in the art and are described, for example, in US. Patent Nos. 4.736.866 and 4,870.009. Typically, particular 

25 cells would be targeted for Apo-2 ligand transgene incorporation with tissue-specific enhancers. Transgenic 
animals that include a copy of a transgene encoding Apo-2 Ugand introduced into the germ line of the animal 
at an embryonic stage can be used to examine the effect of increased expression of DNA encoding Apo-2 
ligand. 

Alternatively, non-human homologues of Apo-2 ligand can be used to construct a Apo-2 
30 ligand "knock out" animal which has a defective or altered gene encoding Apo-2 ligand as a result of 
homologous recombination between the endogenous gene encoding Apo-2 ligand and altered genomic DNA 
encoding Apo-2 ligand introduced into an embryonic cell of the animal. For example. cDNA encoding Apo-2 
ligand can be used to clone genomic DNA encoding Apo-2 ligand in accordance with established techniques. 
A portion of the genomic DNA encoding Apo-2 ligand can be deleted or replaced with another gene, such as 
35 a gene encoding a selectable marker which can be used to monitor integration. Typically, several kilobases 
of unaltered flanking DNA (both at the 5' and 3' ends) are included in the vector [see e.g.. Thomas and 
Capecchi, £eJL il:503 (1987) for a description of homologous recombination vectors]. The vector is 
introduced into an embryonic stem cell line (e.g.. by electroporation) and cells m which the introduced DNA 
has horaologousty recombincd with the endogenous DNA are selected [see e.g., Li et al.. CfJl. $2:9 1 5 (1992)]. 
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The selected cells are then injected into a blastocyst of an animal (e.g., a mouse or rat) to form aggregation 
chimeras [see e.g.. Bradley, in Teratocarcinomas and Embryonic Stem Cells: A Practical Approach, E. J. 
Robertson, ed. (IRL, Oxford. 1987), pp. 1 13-152]. A chimeric embryo can then be implanted into a suitable 
pseudopregnant female foster animal and the embryo broughtto term to create a "knock out" animal. Progeny 

5 harboring the homologously recombined DNA in their germ cells can be identified by standard techniques and 
used to breed animals in which all cells of the animal contain the homologously recombined DNA. Knockout 
animals can be characterized for instance, for their ability to defend against certain pathological conditions and 
for their development of pathological conditions due to absence of the Apo-2 ligand polypeptide. 
D. Anti-Ano-2 Ligand Antibod v Preparation 

|0 The present invention further provides anti-Apo-2 antibodies. Antibodies against Apo-2 

ligand may be prepared as follows. Exemplary antibodies include polyclonal, monoclonal humanized, 
bispeciflc, and heteroconjugate antibodies. 

1. Pftlv^nnal Antibodies 

The Apo-2 ligand antibodies may comprise polyclonal antibodies. Methods of preparing 
15 polyclonal antibodies are known to the skilled artisan. Polyclonal antibodies can be raised in a mammal, for 
example, by one or more injections of an immunizing agent and, if desired, an adjuvant. Typically, the 
immunizing agent and/or adjuvant will be injected in the mammal by multiple subcutaneous or intraperitoneal 
injections. The immunizing agent may include the Apo-2 ligand polypeptide ora fusion protein thereof, hmay 
be useful to conjugate the immunizing agent to a protein known to be immunogenic in the mammal being 
20 immunized. Examples of such immunogenic proteins which may be employed include but are not limited to 
keyhole limpet hemocyanin. serum albumin, bovine thyroglobulin, and soybean trypsin inhibitor. An 
aggregating agent such as alum may also be employed to enhance the mammal's immune response. Examples 
of adjuvants which may be employed include Freund's complete adjuvant and MPL-TDM adjuvant 
(monophosphoryl Lipid A. synthetic trehalose dicorynomycolate). The immunization protocol may be selected 
25 byoneskilledmUieartwithoutundueexperirncntation. The mammal can then be bled, and the serum assayed 
for antibody titer. If desired, the mammal can be boosted until the antibody titer increases or plateaus. 

2. Monoclonal Antibodies 

The Apo-2 ligand antibodies may. alternatively, be monoclonal antibodies. Monoclonal 
antibodies may be prepared using hybridoma methods, such as those described by Kohler and Milstein. HaJms, 

30 2ifi:495 (1975) a hybridoma method, a mouse, hamster, or other appropriate host animal, is typically 
immunized (such as described above) with an immunizing agent to elicit lymphocytes that produce or are 
capable of producing antibodies that will specifically bind to the immunizing agent. Alternatively, the 
lymphocytes may be immunized in vitro. 

The immunizing agent will typically include the Apo-2 ligand polypeptide ora fusion protein 

35 thereof. Cells expressing Apo-2 ligand at their surface may also be employed. Generally, ehher peripheral 
blood lymphocytes ("PBLs") are used if cells of human origin are desired, or spleen cells or lymph node cells 
are used if non-human mammalian sources are desired. The lymphocytes are then fused with an immortalized 
cell line using a suitable fusing agent, such as polyethylene glycol, to form a hybridoma cell [Coding. 
MnnnHnn,. Amihodier and Practice. Academic Press, (1986) pp. 59-103J. Immortalized cell lines 
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are usually transformed mammalian cells, particularly myeloma cells of rodent, bovine and human origin. 
Usually, rat or mouse myeloma cell lines are employed. The hybridoma cells may be cultured in a suitable 
culture medium that preferably contains one or more substances that inhibit the growth or survival of the 
unfused. immortalized cells. For example, if the parental cells lack the enzyme hypoxanthine guanine 
5 phosphoribosyl transferase (HGPRT or HPRT), the culture medium for the hybridomas typically will include 
hypoxanthine, aminopterin, and thymidine ("HAT medium"), which substances prevent the growth of HGPRT- 
deficient cells. 

Preferred immortalized cell lines are those that fuse efficiently, support stable high level 
expression of antibody by the selected antibody-producing cells, and are sensitive to a medium such as HAT 

10 medium. More preferred immortalized cell lines are murine myeloma lines, which can be obtained, for 
instance, torn the Salk Institute Cell Distribution Center, San Diego, California and the American Type Culture 
Collection, Rockville. Maryland. Human myeloma and mouse-human heteromyeloma cell lines also have been 
described for the production of human monoclonal antibodies [Kozbor, LlmmunaL 121:100 1 (1984); Brodeur 
r AntftwW Pmduction TrtnM"" Applications. Marcel Dekker, Inc., New York, (1987) 

15 pp. 51-63). 

The culture medium in which the hybridoma cells are cultured can then be assayed for the 
presence of monoclonal antibodies directed against Apo-2 ligand. Preferably, the binding specificity of 
monoclonal antibodies produced by the hybridoma cells is determined by immunoprecipitation or by an in vitro 
binding assay, such as radioimmunoassay (R1A), fluorescein activated cell sorting (FACS) or enzyme-linked 
20 immunosorbent assay (ELISA). Such techniques and assays are known in the art. and are described further 
in the Examples below. The binding affinity of the monoclonal antibody can, for example, be determined by 
the Scatchard analysis of Munson and Rodbard, Anal, Bigchem.. Jfi2:220 (1980). 

After the desired hybridoma cells are identified, the clones may be subcloned by limiting 
diluti^r^ures and gr<>vm by standi Suitable culture media for this purpose 

25 include, for example. Dulbecco's Modified Eagle's Medium and RPMI-1640 medium. Alternatively, the 
hybridoma cells may be grown in vivo as ascites in a mammal. 

The monoclonal antibodies secreted by the subclones may be isolated or purified from the 
culture medium or ascites fluid by conventional immunoglobulin purification procedures such as, for example, 
protein A-Sepharose, hydroxylapatite chromatography, gel electrophoresis, dialysis, of affinity 
30 chromatography. 

In one embodiment of the invention, the monoclonal antibodies may include the 1D1. 2G6, 
2E1 1, or 5C2 antibodies described herein and in the Examples below. The monoclonal antibodies may also 
include antibodies having the same biological characteristics as the 1D1, 2G6, 2E1 1, or 5C2 monoclonal 
antibodies secreted by the Hybridoma cell lines deposited under American Type Culture Collection Accession 

35 Nos. ATCC , , , or . respectively. The term "biological characteristics" is used 

to refer to the in vitro and/or in vivo activities of the monoclonal antibody, e.g., ability to substantially reduce 
or inhibit Apo-2 ligand-induced apoptosis or substantially reduce or block binding of Apo-2 ligand to its 
receptor. The antibody preferably binds to the same epitope as. or to substantially the same epitope as, the 
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1D1, 2G6, 2E1 1, or 5C2 antibodies disclosed herein. This can be determined by conducting assays described 
herein and in the Examples. 

The monoclonal antibodies may also be made by recombinant DNA methods, such as those 
described in U.S. Patent No. 4,816,567. DNA encoding the monoclonal antibodies of the invention can be 
readily isolated and sequenced using conventional procedures (e.g., by using oligonucleotide probes that are 
capable of binding specifically to genes encoding the heavy and light chains of murine antibodies). The 
hybridoma cells of the invention serve as a preferred source of such DNA. Once isolated, the DNA may be 
placed into expression vectors, which are then transfected into host cells such as simian COS cells, Chinese 
hamster ovary (CHO) cells, or myeloma cells that do not otherwise produce immunoglobulin protein, to obtain 
the synthesis of monoclonal antibodies in the recombinant host cells. The DNA also may be modified, for 
example, by substituting the coding sequence for human heavy and light chain constant domains in place of 
the homologous murine sequences [U.S. Patent No. 4,816,567; Morrison et al., swai or by covalently joining 
to the immunoglobulin coding sequence all or part of the coding sequence for a non-immunoglobulin 
polypeptide. Such a non-immunoglobulin polypeptide can be substituted for the constant domains of an 
1 5 antibody of the invention, or can be substituted for the variable domains of one antigen-combining site of an 
antibody of the invention to create a chimeric bivalent antibody. 

The antibodies may be monovalent antibodies. Methods for preparing monovalent antibodies 
are well known in the art. For example, one method involves recombinant expression of immunoglobulin light 
chain and modified heavy chain. The heavy chain is truncated generally at any point in the Fc region so as to 
20 prevent heavy chain crosslinking. Alternatively, the relevant cysteine residues are substituted with another 
amino acid residue or are deleted so as to prevent crosslinking. 

In vitro methods are also suitable for preparing monovalent antibodies. Digestion of 
antibodies to produce fragments thereof, particularly, Fab fragments, can be accomplished using routine 
techniques known in the art. For instance, digestion can be performed using papain. Examples of papain 
25 digestion are described in WO 94/29348 published 12/22/94 and U.S. Patent No. 4,342,566. Papain digestion 
of antibodies typically produces two identical antigen binding fragments, called Fab fragments, each with a 
single antigen binding site, and a residual Fc fragment. Pepsin treatment yields an F(ab , ) 2 fragment that has 
two antigen combining sites and is still capable of cross-linking antigen. 

The Fab fragments produced in the antibody digestion also contain the constant domains of 
30 the light chain and the first constant domain (CU X ) of the heavy chain. Fab' fragments differ from Fab 
fragments by the addition of a few residues at the carboxy terminus of the heavy chain CH , domain including 
one or more cysteines from the antibody hinge region. Fab'-SH is the designation herein for Fab' in which the 
cysteine residues) of the constant domains bear a free thiol group. FCab^ antibody fragments originally were 
produced as pairs of Fab* fragments which have hinge cysteines between them. Other chemical couplings of 
35 antibody fragments are also known. 

3. Hf 'I™"'"* 1 Antibodies 

The Apo-2 ligand antibodies of the invention may further comprise humanized antibodies 
or human antibodies. Humanized forms of non-human (e.g., murine) antibodies are chimeric immunoglobulins, 
immunoglobulin chains or fragments thereof (such as Fv, Fab, Fab', F(ab') 2 or other antigen-binding 
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subsequences of antibodies) which cental minima, sequence derived from non-human ^^unog.^ 
Humid an^ies include human immunog.obu.ios (recent antfcody) " — f„m 

comp.ementarirydetermm^^ 

species (donor anUbody) such as mouse, rat or rabbit havmg the desired spec,^. affmu, a 
, iTacity -e instances, Fv framework residues of the human immunog iobuhn are rep. ^by 
^ndrngnon-humanresidues. Humanized antfcodi* may a.so comprise residues wh.ch are found ne.th. 
^.recipient anubody nor in the unported CDR or framcwo* sequences. ,n genera,, the human- 

LanLly » of the CDR regions correspond to those of a non-human immunoglobulin and all o 

„tibodyo P tu.a^^ - 

thatofa human immunoglobulin^^ 

329 (1988); and Presta, ClTT "l> ^gt.PiPi., 2:593-596 (1992)]. 

Methods for humanizing non-human antibodies are well known in the art. Genera.lv. a 

5 human^antibcHfrhas^^ 

co-wortcers .ones et a.., MaDHS.. 221:522-525 (1986); Riechmann et a... Htt 132:323-327 ( 988, 
Verhoeyen et a... Saott. 222:1534-1536 (.988)] and me memod of Queen et a.., ProC Ntl Art 8* . 
20 1610029-10033 (.989) using computer modeling, by substituting rodent CDRs or CDR fences for the 
■ lespondingsequencesofahumanant^y. According*, such "humanized" ant.bod.es are d-« 
antibodies (U.S. Paten, No. 4.8 16.567), wherein substantially less than an intact human vanab.e dcna.nl as 
^nsubsth.tedbymecorrespondingseque^^ tap^I"^-*^ 
aretypical.y human antibodies in ^^cnn^*^™™^™**""* 
25 residues from analogous sites in rodent antibodies. 

Tbe choice of human variable domains, both light and heavy, to be used m mak.ng the 
humanized antibodies is important in order to reduce antigenicity. According to the "best-fit" method, the 
seouenceofthevariabledomainofarodent antibody k screened against *e entire library of known human 
vlbledomain sequences. Tne human sequence which isc ,osest to that of^e rodent is then accepted as the 

1^1^^12**0.(1987)]. ^^w^*^^^***"" 

ILdforseveraldif^^ 
Presuetal..lJinmnnol. 111^623 (1993)]. 
35 it is further important that antibodies be humanized with retention of h.gh affinity for Ac 

antigen and other favorabk bio.ogica. properties. To achieve this goal, according to a preferred method 
humanized antibodies are prepared by a proce.ofan^ysUofmeparenta. sequences and various conceptua, 
humanized products using three dimensiona. modeb of me parenta. and humanized sequences. Three 
dimensions immunog.obu.in models are commonly available and are familiar to those sk.l.ed ,n the art. 
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Computer programs arc available which illustrate and display probable three-dimensional conformational 
structures of selected candidate immunoglobulin sequences. Inspection of these displays permits analysis of 
the likely role of the residues in the functioning of the candidate immunoglobulin sequence, i.e., the analysis 
of residues that influence the ability of the candidate immunoglobulin to bind its antigen. In this way. FR 
5 residues can be selected and combined from the consensus and import sequence so that the desired antibody 
characteristic, such as increased affinity for the target antigen(sX is achieved. In general, the CDR residues are 
directly and most substantially involved in influencing antigen binding [see, WO 94/04679 published 3 March 
1994]. 

Transgenic animals (e.g., mice) that are capable, upon immunization, of producing a full 
10 repertoire of human antibodies in the absence of endogenous immunoglobulin production can be employed. 
For example, it has been described that the homozygous deletion of the antibody heavy chain joining region 
gene in chimeric and germ-line mutant mice results in complete inhibition of endogenous antibody 
production. Transfer of the human germ-line immunoglobulin gene array in such germ-line mutant mice will 
result in the production of human antibodies upon antigen challenge [see, e.g., Jakobovits et al., Proc , flail 
1 5 Acad. Sci.USA. 2Q:255 1-255 (1993); Jakobovits et al., Nature . 2ffi:255-258 (1993); Bruggermann et al, X&l 
jn rmmuno. . 2:33 (1993)]. Human antibodies can also be produced in phage display libraries [Hoogenboom 
*nd Winter. J Mol BioL 227:381 (1991); Marks et al., Odol^^ (1991)]. The techniques of 

Cote et al. and Boemer et al. are also available for the preparation of human monoclonal antibodies (Cote et 
al, M" nnclnna1 Antibodies and Cancer Therapy. Alan R. Liss, p. 77 (1985) and Boemer et al., J, , lmmunpl, t 
20 1420*86-95(1991)]. 

4. Bispeciflc Antibodies 

Bispecific antibodies are monoclonal, preferably human or humanized, antibodies that have 
binding specificities for at least two different antigens. In the present case, one of the binding specificities is 
for the Apo-2 ligand, the other one is for any other antigen, and preferably for a cell-surface protein or receptor 

25 or receptor subunit. 

Methods for making bispecific antibodies are known in the art. Traditionally, the recombinant 
production of bispecific antibodies is based on the co-expression of two immunoglobulin heavy-cham/light- 
chain pairs, where the two heavy chains have different specificities [Millstetn and Cuetlo, UWI&, 201:537-539 
(1983)]. Because of the random assortment of immunoglobulin heavy and light chains, these hybridomas 

30 (quadromas) produce a potential mixture often different antibody molecules, of which only one has the correct 
bispecific structure. The purification of the correct molecule is usually accomplished by affinity 
chromatography steps. Similar procedures are disclosed in WO 93/08829, published 13 May 1993, and in 
Traunecker et al., EMBQ J.. 13:3655-3659 (1991). 

According to a different and more preferred approach, antibody variable domains with the 

35 desired binding specificities (antibody-antigen combining sites) are fused to immunoglobulin constant domain 
sequences. The fusion preferably is with an immunoglobulin heavy-chain constant domain, comprising at least 
part of the hinge, CH2, and CH3 regions. It is preferred to have the first heavy-chain constant region (CH 1 ) 
containing the site necessary for light-chain binding present in at least one of the fusions. DNAs encoding the 
immunoglobulin heavy-chain fusions and, if desired, the immunoglobulin light chain, are inserted into separate 
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rcr— *** -» — - • - ^ ta r m: 

;m I nl Mflllltlh in 121:210 

5 H^^njuynw Antibodies 

Heteroconjugate antibodies are aiso within the scope of the present invention 
Heteroconjugate antibodies are composed of two covalentiy Joined antibodies. Such a„t,bod,e, h ave or 

, IsiinicUgents. For examp.e. irnrnunotoxins may be constructed using a disu.fide exchange react,^ o 

4-mercaptobutyrimidate and those disc.osed. for example, in U.S. Pat. No. 4,676,980. 

E 1 lc f| C ft f Ano-2 | icand Antibodies 

A ^ 2 ,ip„d^bod l!s ma»b e ^»di W o*t^y»toAp<,2r^«. 8 -.^»S 

— » — — • - *■ z m T 2 '*t " 
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sample except the Apo-2 ligand, which is bound to the immobilized an.ibody. Finally, the support is W ashed 

are useful for .he affinity purification of a solubi.ized Apo-2 receptor or for expression cloning of an Apo-2 

receptor. 

Th c antibodies disclosed herein may also be employed as therapeuttcs. For mstance, ant- 
A P o-2 ligand antibodies which block Apo-2 ligand activity (like Apo-2 ligand-induced apoptosis) may be 
employed to treat pathological conditions or diseases associate* with increased apoptosis |see, Thompson, 

sues! 

Inafurtherembodimentof the invention, thereare provided articles of manufacture and kits 
conning Ar~2.igandc^^^^ 

therapeutic applications described above. The article of manufacture comprises a container with « label. 
Suitable containers include, for example, bottles, vials, and test tubes. The containers may be formed from 
a variety of materials such as glass or plastic. The container holds a composition which includes an actrve 
agent that is effective for therapeutic or non-therapeutic applications, such as described above. The actrve 
agent in the composition is Apo-2 .ig-nd or an Apo-2 ligand antibody. The label on the container indicates 
.hat the composition is used for a specific therapy or non-thcrapeutic application, and may also ,nd,cate 
directions for either in vivo or m vitro use, such as those described above. 

The kit of the invention will typically comprise the container described above and one or 
moreother confers combing materials desirable nx,m a commerce 
diluents, filters, needles, syringes, and package inserts with instructions for use. 

The following examples are offered for illustrative purposes only, and are no, intended to 

limit the scope of the present invention in any way. 

All references cited in the present specification are hereby incorporated by reference ,n the.r 

entirety. 

pYAMM.ES 

All restriction enzymes referred to in the examples were purchased from New England 
Biolabs and used according to manufacturer's inactions. All omer commercially available reagents referred 
tointheexamp.es were used accordmg to manufactured mstructions unless otherwise indi^ 
of those cells identified in the following examples, and throughout the specification, by ATCC access.cn 
numbers is the American Type Culture Collection. RockviUe. Maryland. 

EXAMPLE 1 



Vl r\-> rr fpwA clone s Fn^dinr H umrni Apo-2 l,ieand 

To isolate a full-length cDNA for Apo-2 ligand. a lambda gtl 1 bacteriophage library of 
humanplacentalcDNAtabout 1 x ,0«c.ones)(HL10756.comm^^ 

by hybridization with synthetic oligonucleotide probes based on an EST sequence (GenBank locus 
HHEA47M), which showed some degree of homology to human Fas/Apo-1 Hgand. The EST sequence of 



-30- 



WO 97/25428 to a 34 ^ acid region of 

HHEA47M is 390 bp and when transited « ,ts + 3 frame, hows 
_ — «f HHFA47M is as follows: 

human Apo-1 ligand. n»e sequence of HHEA47M « 

oogaccccaatoacgaaoaoag^^^ 

GGGACCAGAGGAAOAAGCAACACATO oc ^^ GCA( ^ 
TCGATTTCAGGAGG 

10 SEQIDN0:3 , tde orobe with the following sequence was empfcyed in *e screening: 

l5 ldc*transu,fat,0,%^ 

identified in the cDNA library, and the positive clones were rescreened by y 

GGTGAACTGGTCATCCATCAAAAAGGGTTrTACTACATCTATTCCCAAACATACTrTCGA 



20 SEQIDNO:5 



H»brttotion»»c«»a»^»' k " ibrf,6o,t ' ^ . m „lified b, poVy«»r~= region 

7 .63 . There is no apparent signal sequence «. u 
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heated the presence of a hydrophobic region between residues .5 and 40. me absence of a signal sequence 
and the presence of an interna, hydrophobic region suggests that Apo-2 hgand „ a type U transmembrane 
protein. Tne putative cytoplasmic, transmembrane and extracellular regions are .4,26and241 ant.no ac-ds 
long respectively. The putative transmembrane region is underlined in Fig. I A. A potent,. N-hnked 
glycosylation site is located at residue 109 in the putative extracellular doma.n. 

An alignment (using the Align™ computer program) of the amino acid sequence of the C- ■ 
.ermina. region of Apo-2 ligand with other known members of fte TNF cytokine fami.y showed that, within 
Ae Ctermina. region, Apo-2 ligand exhibits 23.2V. identity to Apo-. Hgand (Figure IB). The a hgnmcnt 
analysisshowedalesserdegreeof identity wim other TNFftmHy members: CD40L (20^). LT-a (20.2%). 

, L T-p(19.6 % ),™F-«(.9.0%),« 

TNF cytokine family, residues within regions which are predicted to form P strands, based on the crystal 
stI uctures of TNF-a and LT-« [Eck e, a,., J^fflL, 24*17595.17605 (.989); Eck et a... LBl^. 
2^2*21 19-2122 (1992)], tend to be more highly conserved with other TNF family members than are residues 
in the predicted connecting loops. I, was found that Apo-2 ligand exhibits greater homology to other TNF 

5 ^UvmembenmiUp^vePs^^ 

Also, the loop connecting putative P strands. B and B'. is markediy longer in Apo-2 ligand. 

F YAMPIR2 

FrtrrriiiA" " f Hu man ^ 7 1 igand 

A p,|| |.w. n< »th cDr^ A fVV m ^struct 
, 0 A lull-length Apo-2 ligand cDNA fused to a myc epitope tag was constructed as follows. 

Tne Apo-2 ligand cDNA insert was excised from the parental pGEM-T Apo-2 ligand p.asmid (described m 
Example .) by digestion with GUI and Hind.H. and inserted into , P RK5 mammalian expression plasmu, 
[Schalleta...^^.^ 

same restriction enzymes. A sequence encoding a 13 amino acid myc epitope tag 
25 Set Met Glu Gin Lys Leu lie Ser Glu Glu Asp Leu Asn SEQ ID NO:6 

rEvanaaUMd^mJ^^ 
( ^on282)*me3-endof*eApc-2.ig^^ 

etaUN Jjds jcJicj^ 

The pRK5Apo-21igand-mycplasmidwascc-transfected into human 293 cells (ATCCCRL 

30 ^wimapRKSplasmidcarryingar^^^^^ ^ 
11 expling lpo-2 ligand-myc were sefceted by ability to .row in 50V. HAM, FUflOH 
(GIBCO)mediainthepresenceoftheantibioticG4l8(0.5mg/mL)(GIBCO). 

Toinvestigate the topology of Apo-2 Ugand, a G4 1 INesistant clone was analyzed by FACS 
anerstammgwiftanU-mycmonoclottalantibc^^c^ 

35 fi^OneogeneScience)^ 
available f™ Jackson lm^^^^ 

Apo-2,i g and- m ycWected clone as compared to mock transfected cel.s (Fig. «C). showmg *at Apo-2 
Hgand is expressed at the cell-surface, with its carboxy terminus exposed. Accordingly. Apo-2 hgand ,s 
believed to be a type II transmembrane protein. 
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B- gT»n»imirffll « tlMtl rFCD . >filsion constructs were prepaid. 

Two soluble Apo-2 ligand extracellular don- ( BCD ) fus.on 

ft .«H uostream of the C-terminal region of Apo-2 ligand. 
in which another sequence was fused upstream o p ^ ^ 

InoneconstrucUVammoacdsoftheherpesv^rusgy P n46(I995 ); 

M^ed.Las^^ 

Asp Gin 
SEQ1DN0:7 

™- u vi,*^nUK:5ADO-2 ligand plasmid was used as a template, inepi 
,5 subsW-UPCR""!"*"*!* 1 "*^ 2 ' 6 . gKj piasmid togiveihe (dasmid pRKS gD-ApO-2 

at 1^1 overnight at 4 C. Tnen.^M t ^ « cm samole buffer. The boiled samples 

werespun.thepellefcwerewashedinPBSand*^^^ 

were spun, u p SDS-PAGE and autoradiography. 

, rr«^"«----•-;---*'*'' p,< " , • 

35 SEQIDNO* of Apo . 21i g.nd wiOiin a bacu.ovirus expression plasmid (pVLl 392, 

was fused upstream to codons 1 14-28 1 of Apo-2 hg 

Pharming en). Bnefly.theAp^.igandcodon 114-281 regton was amphfted by 
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nhmnari bv T-A ligation, and the DNA sequence was confirmed. Hie insert 

wrth Ndel and BamHl and subclone* entero kinase cleavage site. 

availablerh>mPharmmgen)contammBanammoterrnu,alMetGlyH« )0 g PCD olasmid • - 

Re^bin^tbaculovin^^^ the H,s l0 -Apo-2 ECD Usm d 

^loCold™^ 

^edv.useswereh^ ^ ^ a ^ 

as described in Example 3 below. 

PurifKfflfr" " f Recombinant Hitman Meaad 

Extracts were prepared from recombinant virus-infected and mock-infected S» ce Us (see 
of load g at whjch ^ jjaction collection was started. Next, 

SDS-PAOE .my* of*. priM ■ I-*— » b »" ° f *" " 
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, . f„™ of Aoo-2 ligand in solution is homotnmenc ana tna 
that the predominant form ot Apo j. 

dimers and monomers in the presence of SDS. 

EXAM PLE 4 

^«Dc*Us<FIS.2B>,IUjl cells (Fig. TO. «dJ>^<*» sl '* ' , . ... 
Brand Applications) and analyze, by flow cytomcfc* ^ ^ 

as a marked increase ,n uptake of PI (F.g-2BX md, 6 ^ Ap0 -2 ligand induced a 

35 Compare results were obta^ ^ 

thecontrolandtothean.i-Apc-1 antibody, is a.so shown . Table 1 below. 
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. . . ,~ „ , rt 6 r -iic/weltt for 6 hours with a media 

, a t licnd 1 3 ue/ml prepared as described in Example 3), The UNA was men 
control or Apo-2 l.gand ( P«P were subjected 

f *Z,d «v t cm «»« b» atomic «-H"*» «*• ' I""*—'- 

20 (approximately 1 0 to 30 nM). 

FX AMPLE S 

A , i AH -n il. iir^n?lifn n 1 -""""'" N " n - |vmph0 ' l< > 

• r vnnTrf f " l - ines 

T^ffectofAp^.ig^ 

nc c ^ , ATrr rri 22V ME-1 80 (derived from 

25 6^M^^t^^^ MmmAVX . ATCCHTB22) 

25 following atCC HTB 33)' MCF7 (derived from human breast carcinoma, ATCC HTB 22), 

human cervical carcinoma, ATCC HTB 33), M „ s49 {derived from human lung 

U 937 (derived from human hystiocytic lymphoma, ATCC CRL 1593), a 

caronoma, ATCCCCL | 8 5).and293 ( ^ ^ ^ ^ H „ e were incubated for 24 hours 

.*ody.CHll(l,«W>.I^ 

in Example 4. The results are shown below in Table 1 . 
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10 



15 



25 



Cell line 



J f ytpphoid 



9D 

Raji 

Jurkat 

^r, n -| Vf nphoid 



HeLa 

MCF7 

U-937 

A549 

ME- 180 

293 



TABLE 1 
% apoptotic cells 



Control 



22.5 
35.9 
5.9 



53 

39.9 

3.6 

16.5 

8.6 

12.3 



Apo-2L 



92.4 
73.4 
77.0 



Anti-Apo-1 Ab 



90.8 
83.7 
18.1 



18.6 
473 
623 
74.6 
80.7 
12.2 



17.9 

44,0 

16.6 

25.1 

9.9 

16.7 



THe HeLa cells and MCF7 cells were equal* sensitive to induction of apoptosis by Apo-2 
,i g and spared to^ 
to the Apo-2 Hgand, but were relative.y resistant to the anf-apo-, anfbody. The 293 

EXAMPLE 6 

p frrt of Arx> ? T iniTli TT TI Hl i m" p "'" he "' R1 <^ M™<** SS 
Penphexatbloodmononuc.^^^ 

by Ficolldensny gradient ~^**^*^^^TV^ 

by « «* pBMC „ y ^^a, of B cells through surface l 6 

s"l). An JL population of B ceUs was prep.ed ,0. the PBMC by 



30 
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andof monocyte* 

22). Addhionalmonocytermovalwasaccomptishedbyadherencetoplasuc. 

The freshly isolated peripheral blood B or T ceUs (1 x .0* ceUs/we.l) were cultured for 3 
days in the presence of a media control or Apo-2 ligand (3 ^l. prepared as described in Example 3). For 
acrvation.Bcel.swere.eatedsunu.uneous.y with .ipopdysaccharide ("LPS". 1 j*gftnl), and T cells were 
^wi^phorbolmyrisuae^terPMA-. .Ong/mDp.usionomycind ^>)(Sigma). For inter euKUv2 . 
n^pretreatment.Tce^ 
exposure^ Hg*^^ 

Example 4. However. B cells were gated by anti-CD I9/CD20 antibodies (Jackson immunorescarch) and T 
cells were gated by an,i-CD4/CD8 antibodies (Jackson Immunoresearch). The results are shown ,n Table 2 
below.representmgm^^ 
8e ^rime»ts ; T.y™^ 

S^ca. analysis was performed using the student t-test. In Tab.e2. a=p<0.05 and b=p«0.02 re. an ve to the 

respective control. 

TABLE 2 







% apoptotic 


cells 




Treatment 


Control 


Apo-2L 


P | Y mphocvtes 


none 


40.1 ±4.1 


53.2 ± 3.3 a 




LPS 


44.8 ± 2.8 


55.9 ± 3.2 a 


T f vmnhoevtes 


none 


6.3 ± 0.6 


8.2 ±0.8 




PMA/ionomycin 


40.3 ± 4.4 


54.2±3.3 a 




1L-2 pretreatment 


13.7 ±1.2 


34.5±4.8 b 



Apo-2 ligand induced significant apoptosis in unstimulated B cells, in B cells activated by 
LPSandinTcellsac^ 

(.991)]. Tlte present study showed present with 1L-2 did sensit^ *e per.phenu T cells to Apo 2 
ligand-induced death. 

pv AMPLE 7 

lnhihiTinn ft"-" ' '<'"- and TNF Receptors 

25 An assaywas conducted todetemineiftheFas/Apo-lrec^ptor.asweUasthe^ 

2 TNF receptors (TNF-R1 and TNF-R2), are involved in mediating the apoptotic activity of Apo-2 ligand by 
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QDcellswerem ,x: n , heoresen ce of buffer control. CD4-lgG control (25 

of Fas/Apo- 1 and of TNF-R1 and TOF-R2. 

p yAMPLE 8 

r ^ r< - i irn n il mP1° A in Mammalian Tissues 
Expression oi/vpw s~ iWMength Apo-2 

wWl , he DN A p,o*. M ** »A «« WH- » 1M BgtaL 

which is expressed primarily in T cells and testis [Nagata et a... and. 
30 EXAMELM 

fUrfcerexammedrnthepresenceor^ 

The following human tumor cel. lines were assayed: A549 (lung carcnom^ 

A-rrr rrL 247V SW480 (colon adenocarcinoma, ATCC CCL 
35 185); HCT1I6 (colon carcinoma, ATCC CCL 247), :> I a TC CCCL22) • ME- 180 

atty* HTB 26) - HeLa (cervical carcinoma, ATCC ccl. x^j, i»« 
MDA23I (breast adenocarcinoma, ATCC HTB 26), He (neuroblastoma, 

a Trr HTB 33V T24 (bladder carcinoma. ATCC HlB«).a*r<'«<. 
(cervical carcinoma, ATCC HTB ^ (1995)). Several of these cell lines express wild-type P 53 

WMteetaUPiac^^^ The cells were plated at 2.5 x ,0^ 

W hile the others do not due to mutations, as shown ,n Table 3 below. The 
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(0. 1M citric acid in 50% methanol), and measuring absorbance at 540 nm. 
The results are shown in the Table below. 

TABLE 3 



10 



15 



CELL LINE 



A54 9 

HCT116 
SW4 80 
MDA231 
HeLa 
ME180 
T24 
SK-N-AS 



TUMOR TYPE 



lung carcinoma 
colon ca rcinoma 
colon carcinoma 
breast c arcinoma 
cervical car cinoma 
cinoma 

bladder 
neuroblastoma 



P 53 
STATUS 



WT 

mut 
mut 
mut 
mut 
WT 
mut 



Apo-2L 
SENSITIVITY 



+ + 



+ + + 



CHX 



ENHANCED BY 
DOX 



S-FO 



yes 
yei 
yes 
ye£ 
yes 
yes 
yes 
ND 



yes 
yes 
yes 
yes 
ND 
yes 
yes 
ND 



yes 
yes 
yes 
yes 
WD 
ND 
ND 



ND 
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Doxorubicin (Phannacia) was injected at the tumor site. Umtroi an 
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EXAMELEil 

Armpt „tir Activity oL^i^U^ . 
. r .IZfAp^U^dw^also examined in tumor beanng nude mice, as 

colon carcmoma cells (ATCC CCL ^o.oSmVtnouse 5-FU (Roche) was 

tumor growth by itself end that Apo-2 tUjend enhanced the inhibitory effects of 5-FO on tumor grow*- 

described , J: ,. ~e P t - on Oays I and 2, ,0 ^ 5^^ J!-- 

^~e5- F ™^ 

Tumor size (mm 2 ) was then measured on Days 5, 9, and 15. OnDay 15, th 

tun.orsexeisedandweighedCgrams). ^ ese resultS show that Apo-2 ligand is capable 

^eresultsareshownmF.guresTandS. ' ^ when administered by 

of aching the subcutaneous tumor site and exenmg ^J^^^^U^ 
0 ^peritonea, injection. A,so. these results confirm the ab,,ty of Apo-2 hg^d tre 

Vol by itself and to enhance the inhibitory effects of 5-FU on tumor growth. 

FX AMPi.E 13 

,CE and CPP32/Yama play a role in apoptosis- 
To investigate whether proteases such as ICE and CPP32* ^ P 

B -tionbyAp.2,i g an,an 7 wascon r t^ 

death proteases ICE and CPP32/Yama ana apoptosis induction by 

Apo-I «B»'»"y ™F[Chi.n..y» « .1, SiU, *!•*» « ' >' „ ^ta,, negative 

„«™,fcanotFADD.(FADI>DN)lH s nel.Ua»!."«*" A l»- 2 « 

35 84:299-308(1996)). pRK5 was used as a control. Tra(isfe cted cells were identified 

,c - ^ W8 l7 U 4-1707(1988))asamarkerforuptakeofplasmtdDNA. iransiec 
aL , 2^ 328,1704-170 (19 )) lmmun0 research) and apoptosts was 

by staining with phycoerythrm-conjugated ant.-CLM anuooay 
analyzed by FACS essentially as described in Example 4 above. 
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The results are shown in Figure 9. CrmA blocked Apo-2 tigand-induced apoptosis, as well 
as apoptosis induced by anti-Apo- 1 antibody. In contrast, FADD-DN had little effect on Apo-2 ligand-induced 
apoptosis but blocked substantially the apoptosis induction by anti-Apo-1 antibody. Accordingly, the assay 
results suggest that Apo-2 ligand, TNFRl and Fas/Apo- 1 may engage a common distal signalling pathway to 
5 activate apoptotic cell death. In particular, the results suggest that proteases such as ICE and CPP32/Yama may 
be required for Apo-2 ligand induced apoptosis. In contrast, FADD is required for cell death induction by* 
TNFR 1 and Fas/Apo- 1 , but not by Apo-2 ligand. 

FX AMPLE 14 

A. Preparation of anti-Ano-2 Ligand Antibodies 

1 0 Balb/c mice (obtained from Charles River laboratories) were immunized by injecting I ^g 

Apo-2 ligand (prepared as described in Example 3 and diluted in MPL-TDM adjuvant purchased from Ribi 
Immunochemical Research Inc., Hamilton, MT> ten times into each hind foot pad at 1 week intervals. Three 
days after the final boost injection, popliteal lymph nodes were removed from the mice and a single cell 
suspension was prepared in DMEM media (obtained from Biowhitakker Corp.) supplemented with !% 
15 penicillin-streptomycin. The lymph node cells were then fused with murine myeloma cells P3X63AgU.l 
(ATCC CRL 1597) using 35% polyethylene glycol [Laskor et al..&)l. Immunol,, 51:251 (1980)] and cultured 
in 96-well culture plates. Hybridomas resulting from the fusion were selected in HAT medium. Ten days after 
the fusion, hybridoma culture supernatants were screened in an ELISA [Kim et al., J , Immunol . Meth ,, 15fi:9- 
17 (1992)] to test for the presence of monoclonal antibodies binding to the Apo-2 ligand protein. 
20 In the ELISA, 96-well microliter plates (Nunc) were coated by adding 50 fA of 0.5 f^/m\ 

Apo-2 ligand (see Example 3) in PBS to each well and incubating at 4°C overnight. The plates were then 
washed three times with wash buffer (PBS plus 0.05% Tween 20). The wells in the microliter plates were then 
blocked with 200 iA of 2% bovine serum albumin (BSA) and incubated at room temperature for I hour. The 
plates were then washed again three times with wash buffer. 
25 After the washing step, 50 fA of 2 /ig/ml of the Apo-2 ligand antibodies or 100 *J of the 

hybridoma culture supernatant was added to designated wells. 100 #il of P3X63AgU.l myeloma cell 
conditioned medium was added to other designated wells as controls. The plates were incubated at room 
temperature for 1 hour on a shaker apparatus and then washed three times with wash buffer. 

Next 50 fA HRP-conjugated goat anti-mouse IgG (purchased from Cappel Laboratories), 
30 diluted 1 : 1000 in assay buffer (0.5% bovine serum albumin, 0.05% Tween-20, 0.01% TTiimersol in PBS), was 
added to each well and the plates incubated for 1 hour at room temperature on a shaker apparatus. The plates 
were washed three times with wash buffer, followed by addition of 50 //l of substrate (TMB, 3,3\5,5*- 
tetramethylbenzidin; obtained from Kirkegaard & Perry, Gaithersburg, MD) to each well and incubation at 
room temperature for 10 minutes. The reaction was stopped by adding 50 iA of stop solution (Kirkegaard & 
35 Perry) to each well, and absorbance at 450 nm was read in an automated microliter plate reader. 

Hybridoma supernatants (99 selected) were tested for activity to block Apo-2 ligand-induced 
9D cell killing. Activity was initially determined by examining % viability of treated 9D cells using trypan blue 
dye exclusion. 
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15 minutes in the dark, the 9D cells were analyzed by FACS. 

Eight potential blocking and 4 potentia. nonlocking antibody secreting hybndomas were 
identified and were further cloned (twice) by limiting dilution techniques. 

FACS^ysisoffourant^^ 

hybridomaslDI.^G^EU,.^^^ 

JeATCQT^Dcellstrcated withthe Apo-2 ligand (top left ^^^J^*^ 
untreated, control cells (top right figure). The 9D cells treated with Apo-2 ligand plus the 2E 1 1 , 5C2, 2G6, 
crlDl antibodies showed 0%, 6%, 26%, and 48% apoototic cells above the untreated contro^respecuve.y. 
2 0 TneseresuUsshowthau^EI, and 2Go antibodies are blocking antibodies whUe the 1D1 ant.body ,s 

Tte^*««e«d«^fc«-^~*^ta» a ^- M,crot,terwel.s 
were coated with 2 *M .ymphotoxin (Genentech, Inc., see also. EP .64,965, Gray et ,».. U» 312:72. - 
724(,984)),T N F-a, P ha(Genen«ech.,nc., see also, ^«*m*^™<™**»^« 
25 ^LMS^TW™*^"^^"*^* Monoclonal ant.bod.cs ID., 
2G6 2E1 1 and 5C2 were tested at a concentration of 10 /Jg/ml. 

' ' The results of the assay are shown in Figure 11. The data in Figure .1 shows that 
monoclonal antibodies 2G6, 2E1 . and 5C2 are specific for Apo-2 Hgand. while monodona, antibody ID. 
showed weak cross-reactive binding to lymphotoxin and to TNF-alpha. 



30 



35 



B. Iss&pjns 

Theis«yr^ofmelD1.2G6,2EU.and5aan«^^ 
dete^medbycoatingmic^^^ 

PA)ovemightat4'C. The P . a tes were then washed with wash buffer as described above. 

microti pfc.es were men blocked with 200 * of 2% bovine serum albumin and incubated a, room 

temperature fori hour. The plates were washed again three times with wash buffer. 

Next. .00 * of 5 Mftnl of the purified Apo-2 ligand antibodies or .00 * of the hybndoma 

a^a m donated wells The plates were incubated at room temperature for 30 
culture supernatant was added to designated wens, imp** 

t-r t„c >i<xrrihed above) was added to each well, 
minutes and then 50 * HRP-conjugated goat anti-mouse IgG (as described above, 
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The p.ates were incubated for 30 minutes at room tempore. The .eve. of HRP bound to the p.ate was 

detected using HRP substrate as described above. 

Tbc isotyping analysis showed that the ID1 and 2G6 antibodies are lgG2b antibody and 
the 2EI 1 and 5C2 antibodies are IgG2a antibodies; 

Epitope mapping was performed using a competitive binding ELISA as described in Kim , 
etal ^usingbiotinyUtedmonock^l.mtibodies. The setected monoclona, antibodies were biotinyU.ed 
using N-hydxoxy.succmim.de as described in Ante A laboratory Manual. Ed, E. Harlot and D. Lane, 

p 342 ukM^^^^^ X ^^^^ E ^ W ^ UaiU ^ 

10 ove m i6htat4'Qa*d m enb.ockcdwi^ 

well, a mixture of a predetermined optima, eventration of biotinyla^d antibodies and a thousand-fold excess 
of unlabeled antibody was added into each well. Following a « hour incubationatroomtemperature.thepla.es 
werc washeda«d*eamountofbiot^ 

15 plates were read at 490 run with an ELISA plate reader. 

TheresultsareshownrnFiguren.^^ 
antibodies was effectively inhibited by the excess amount of its own antibody bu, no, by *e omer antrbod.es 

aSSayBd ' The regions of the Apo-2 ligand recognized by me monoclona. antibodies were determined 

-APO 17") aa 230-238 (peptide «APO IS"); aa 261-272 (peptide "APO 19") of the A P o-2 ligand seance 
as shown in Fig. 1A] in an ELISA as described in Chuntharapai et al.. LtowmL 152:1783-1789 ( .994). 
Tne results are shown in Figure .3. The ID1 antibodies showed binding ,o the APO .7 peptide compris.ng 

amino acid residues 192-204 of Apo-2 ligand. 
25 ***** 

12301 Parklawn Drive, Rockville, MD, USA (ATCC): 

Celine AKTBgn . ^o, 

rD1 ,™ M Jan.3,1996 
30 2935-pRK5-hApo-2L- CRL-12014 

myc clone 2. 1 



1D1.12.4 
2G6.3.4 
2E11.5.5 
35 5C2.4.9 
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SEQUENCE LISTING 

(1) GENERAL INFORMATION: 

(i) APPLICANT: Genentech, Inc. 

(ii) TITLE OF INVENTION: Apo-2 Ligand 

5 (iii) NUMBER OF SEQUENCES: 8 

(iv) CORRESPONDENCE ADDRESS: 

<A) ADDRESSEE: Genentech, Inc. 

(B) STREET: 4 60 Point San Bruno Blvd 

(C) CITY: South San Francisco 
10 (D) STATE: California 

(E) COUNTRY: USA 

(F) ZIP: 94080 

(v) COMPUTER READABLE FORM: 

(A) MEDIUM TYPE: 3.5 inch, 1.44 Mb floppy disk 
15 (B) COMPUTER: IBM PC compatible 

(C) OPERATING SYSTEM: PC- DOS /MS -DOS 

(D) SOFTWARE: WinPatin (Genentech) 

<vi) CURRENT APPLICATION DATA: 
(A) APPLICATION NUMBER: 
20 (B> FILING DATE: 

(C) CLASSIFICATION: 

<vii) PRIOR APPLICATION DATA: 

(A) APPLICATION NUMBER: 08/584031 

(B) FILING DATE: 09-JAN-1996 

25 (viii) ATTORNEY /AGENT INFORMATION: 

<A) NAME: Marschang, Diane L. 

(B) REGISTRATION NUMBER: 35,600 

(C) REFERENCE / DOCKET NUMBER: P0978P1PCT 

(ix) TELECOMMUNICATION INFORMATION: 
30 (A) TELEPHONE: 415/225-5416 

(B) TELEFAX: 415/952-9881 

(C) TELEX: 910/371-7168 

(2) INFORMATION FOR SEQ ID NO:l: 

(i) SEQUENCE CHARACTERISTICS: 
35 (A) LENGTH: 281 amino acids 

(B) TYPE: Amino Acid 

(D) TOPOLOGY: Linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:l: 

Met Ala Met Met Glu Val Gin Gly Gly Pro Ser Leu Gly Gin Thr 
40 1 5 10 15 

Cys Val Leu He Val He Phe Thr Val Leu Leu Gin Ser Leu Cys 
20 25 30 

Val Ala Val Thr Tyr Val Tyr Phe Thr Asn Glu Leu Lys Gin Met 
35 40 45 

45 Gin Asp Lys Tyr Ser Lys Ser Gly He Ala Cys Phe Leu Lys Glu 

50 55 . 60 

Asp Asp Ser Tyr Trp Asp Pro Asn Asp Glu Glu Ser Met Asn Ser 
65 70 7 5 
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Pro Cys Trp Gin Val Lys Trp Gin Leu Arg Gin Leu Val Arg Lys 

80 8:3 



Met He Leu Arg Thr Ser Glu Glu Thr lie Ser Thr Val Gin Glu 

95 ivv 

Lys Gin Gin Asn lie Ser Pro Leu Val Arg Glu Arg Gly Pro Gin 



no us 

His 
125 



Arg Val Ala Ala His lie Thr Gly Thr Arg Gly Arg Ser Asn Thr 
* 125 130 

Leu Ser Ser Pro Asn Ser Lys Asn Glu Lys Ala Leu Gly Arg Lys 
140 145 

He Asn Ser Trp Glu Ser Ser Arg Ser Gly His Ser Phe Leu Ser 
155 160 

Asn Leu His Leu Arg Asn Gly Glu Leu Val He His Glu Lys Gly 
170 175 

Phe Tyr Tyr lie Tyr Ser Gin Thr Tyr Phe Arg Phe Gin Glu Glu 
185 I 90 

lie Lys Glu Asn Thr Lys Asn Asp Lys Gin Met Val Gin Tyr lie 
200 205 

Tyr Lys Tyr Thr Ser Tyr Pro Asp Pro lie Leu Leu Met Lys Ser 

Ala Arg Asn Ser Cys Trp Ser Lys Asp Ala Glu Tyr Gly Leu Tyr 

230 23b 

Ser lie Tyr Gin Gly Gly He Phe Glu Leu Lys Glu Asn Asp Arg 
245 250 

He Phe Val Ser Val Thr Asn Glu His Leu He Asp Met Asp His 
260 265 

Glu Ala Ser Phe Phe Gly Ala Phe Leu Val Gly 

(2) INFORMATION FOR SEQ ID NO: 2: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 1042 base pairs 

(B) TYPE: Nucleic Acid 

(C) STRANDEDNESS: Single 

(D) TOPOLOGY: Linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 2: 

TTTCCTCACT GACTATAAAA GAATAGAGAA GGAAGGGCTT CAGTGACCGG 50 
CTGCCTGGCT GACTTACAGC AGTCAGACTC TGACAGGATC ATGGCTATGA 100 
TGGAGGTCCA GGGGGGACCC AGCCTGGGAC AGACCTGCGT GCTGATCGTG 150 
ATCTTCACAG TGCTCCTGCA GTCTCTCTGT GTGGCTGTAA CTTACGTGTA 200 
CTTTACCAAC GAGCTGAAGC AGATGCAGGA CAAGTACTCC AAAAGTGGCA 250 
TTGCTTGTTT CTTAAAAGAA GATGACAGTT ATTGGGACCC CAATGACGAA 300 
GAGAGTATGA ACAGCCCCTG CTGGCAAGTC AAGTGGCAAC TCCGTCAGCT 350 
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CGTTAGAAAG ATGATTTTGA GAACCTCTGA GGAAACCATT TCTACAGTTC 400 
AAGAAAAGCA ACAAAATATT TCTCCCCTAG TGAGAGAAAG AGGTCCTCAG 4 50 
AGAGTAGCAG CTCACATAAC TGGGACCAGA GGAAGAAGCA ACACATTGTC 500 
TTCTCCAAAC TCCAAGAATG AAAAGGCTCT GGGCCGCAAA ATAAACTCCT 550 
GGGAATCATC AAGGAGTGGG CATTCATTCC TGAGCAACTT GCACTTGAGG 600 
AATGGTGAAC TGGTCATCCA TGAAAAAGGG TTTTACTACA TCTATTCCCA 650 
AACATACTTT CGATT TCAGG AGGAAATAAA AGAAAACACA AAGAACGACA 700 
AACAAATGGT CCAATATATT TACAAATACA CAAGTTATCC TGACCCTATA 750 
TTGTTGATGA AAAGTGCTAG AAATAGTTGT TGGTCTAAAG ATGCAGAATA 800 
TGGACTCTAT TCCATCTATC AAGGGGGAAT ATTTGAGCTT AAGGAAAATG 850 
ACAGAATTTT TGTTTCTGTA ACAAATGAGC ACTTGATAGA CATGGACCAT 900 
GAAGCCAGTT TTTTCGGGGC CTTTTTAGTT GGCTAACTGA CCTGGAAAGA 950 
AAAAGCAATA ACCTCAAAGT GACTATTCAG TTTTCAGGAT GATACACTAT 1000 
GAAGATGTTT CAAAAAATCT GACCAAAACA AACAAACAGA AA 1042 
15 (2) INFORMATION FOR SEQ ID NO: 3: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 390 base pairs 

(B) TYPE: Nucleic Acid 

(C) STRANDEDNESS: Single 

(D) TOPOLOGY: Linear 



10 



20 



25 



30 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 3: 

GGGACCCCAA TGACGAAGAG AGTATGAACA GCCCCTGCTG GCAAGTCAAG 50 
TGGCAACTCC GTCAGCTCGT TAGAAAGATG ATTTTGAGAA CCTCTGAGGA 100 
AACCATTTCT ACAGTTCAAG AAAAGCAACA AAATATTTCT CCCCTAGTGA 150 
GAGAAAGAGG TCCTCAGAGA GTAGCAGCTC ACATAACTGG GACCAGAGGA 200 
AGAAGCAACA CATTGTCTTC TCCAAACTCC AAGAATGAAA AGGCTCTGGG 250 
CCGCAAAATA AACTCCTGGG AATCATCAAG GAGTGGGCAT TCATTCCTGA 300 
GCAACTTGCA CTTGAGGAAT GGTGAACTGG TCATCCATGA AAAAGGGTTT 350 
TACTACATCT ATTCCCAAAC ATACTTTCGA TTTCAGGAGG 390 
(2) INFORMATION FOR SEQ ID NO:4: 



(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 60 base pairs 

(B) TYPE: Nucleic Acid 

(C) STRANDEDNESS: Single 
35 (D) TOPOLOGY: Linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 4: 
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TGACGAAGAG AGTATGAACA GCCCCTGCTG GCAAGTCAAG TGGCAACTCC 
GTCAGCTCGT 60 

(2) INFORMATION FOR SEQ ID NO: 5: 

(i) SEQUENCE CHARACTERISTICS: 
5 (A) LENGTH: 60 base pairs 

(B) TYPE: Nucleic Acid 

(C) STRANDEDNESS: Single 

(D) TOPOLOGY: Linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 5: 

10 GGTGAACTGG TCATCCATGA AAAAGGGTTT TACTACATCT ATTCCCAAAC 
ATACTTTCGA 60 

(2) INFORMATION FOR SEQ ID NO: 6: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 13 amino acids 
15 (B) TYPE: Amino Acid 

(D) TOPOLOGY: Linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 6: 

Ser Met Glu Gin Lys Leu lie Ser Glu Glu Asp Leu Asn 
1 5 10 13 

20 (2) INFORMATION FOR SEQ ID NO: 7: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 27 amino acids 

(B) TYPE: Amino Acid 
(D) TOPOLOGY: Linear 

25 <xi) SEQUENCE DESCRIPTION: SEQ ID NO:7: 



30 (2) INFORMATION FOR SEQ ID NO: 8: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 24 amino acids 

(B) TYPE: Amino Acid 
(D) TOPOLOGY: Linear 

35 (xi) SEQUENCE DESCRIPTION: SEQ ID NO: 8: 

Met Gly His His His His His His His His His His Ser Ser Gly 
15 10 15 

His lie Asp Asp Asp Asp Lys His Met 



Lys Tyr Ala Leu Ala Asp Ala Ser Leu Lys Met Ala Asp 
15 10 

Arg Phe Arg Gly Lys Asp Leu Pro Val Leu Asp Gin 
20 25 27 




20 



24 
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WHAT IS CLAIMED IS: 

1 . Isolated biologically active Apo-2 ligand comprising amino acid residues 1 14-28 1 of Figure 
1A. 

2. The Apo-2 ligand of claim 1 comprising amino acid residues 4 1 -28 1 of Figure 1 A. 
5 3. The Apo-2 ligand of claim 2 comprising amino acid residues 1 5-28 1 of Figure 1 A. 

4. The Apo-2 ligand of claim 3 comprising amino acid residues I -28 1 of Figure 1 A. 

5. Isolated biologically active Apo-2 ligand having amino acid residues 1 -28 1 of Figure 1 A. 

6. Isolated biologically active Apo-2 ligand having at least about 80% sequence identity with 

either of: 

10 (a) die full-length native human Apo-2 ligand comprising amino acid residues 1 -28 1 

of Figure 1A; 

(b) the extracellular region of native human Apo-2 ligand comprising amino acid 
residues 4 1 -28 1 of Figure 1 A; or 

(c) the extracellular region of native human Apo-2 ligand comprising amino acid 
15 residues 1 14-281 of Figure I A. 

7. The Apo-2 ligand of claim 6 wherein said ligand has at least about 90% sequence identity 
with either of (a) t (b), or (c). 

8. The Apo-2 ligand of claim 7 wherein said ligand has at least about 95% sequence identity 
with either of (a), (b), or (c). 

20 9. A chimeric polypeptide comprising the Apo-2 ligand of claim I fused to a heterologous 

polypeptide sequence. 

1 0. The chimeric polypeptide of claim 9 wherein saidheterologous polypeptide sequence is a tag 
polypeptide sequence. 

1 1 . Isolated nucleic acid encoding Apo-2 ligand. 

25 12. The nucleic acid of claim 1 1 wherein said nucleic acid encodes Apo-2 ligand comprising 

amino acid residues 1 14-28 1 of Figure 1 A. 

13. The nucleic acid of claim 1 1 wherein said nucleic acid encodes Apo-2 ligand comprising 
amino acid residues 4 1 -28 1 of Figure 1 A. 

14. The nucleic acid of claim 1 1 wherein said nucleic acid encodes Apo-2 ligand having amino 
30 acid residues 1-281 of Figure I A, 

] 5. A vector comprising the nucleic acid of claim 1 1 . 

16. A host cell comprising the vector of claim 15. 

1 7. A method of producing Apo-2 ligand comprising culturing the host cell of claim 1 6 and 
recovering the Apo-2 ligand from the host cell culture. 

35 18. A composition comprising Apo-2 ligand and a pharmaceutical ly-acceptable carrier. 

19. The composition of claim 1 8 wherein said Apo-2 ligand comprises amino acid residues 1 1 4- 
281 of Figure 1A. 

20. A composition useful for stimulating mammalian cell apoptosis comprising an effective 
amount of Apo-2 ligand in a pharmaceutical ly-acceptable carrier. 
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21. A method of inducing apoptosis in mammalian cells comprising exposing mammalian cells 
to an effective amount of Apo-2 ligand. 

22. A method of treating a mammal having cancer, comprising administering to a mammal 
diagnosed as having cancer an effective amount of Apo-2 ligand. 

5 23. The method of claim 22 wherein said cancer is breast cancer or colon cancer. 

24. An article of manufacture, comprising: 
a container, 

a label on said container; and 

a composition contained within said container; 
10 wherein the composition includes an active agent effective for inducing apoptosis, the label on said 

container indicates that the composition can be used to induce apoptosis, and the active agent in said 
compositioncomprises Apo-2 ligand. 

25. The article of manufacture of claim 24 further comprising instructions for administering the 
Apo-2 ligand to a mammal 

26. An antibody which binds to Apo-2 ligand. 

27. The antibody of claim 26 wherein said antibody is a monoclonal antibody. 

28. The antibody of Claim 27 having the biological characteristics of the I Dl monoclonal 
antibody produced by the hybridoma cell line deposited under American Type Culture Collection Accession 
Number ATCC . 

29. The antibody of Claim 27 wherein the antibody binds to the same epitope as the epitope to 
which the 1D1 monoclonal antibody produced by the hybridoma cell line deposited under American Type 
Culture Collection Accession Number ATCC binds. 

30. The antibody of Claim 27 having the biological characteristics of the 2G6 monoclonal 
antibody produced by the hybridoma cell line deposited under American Type Culture Collection Accession 
Number ATCC . 

31. The antibody of Claim 27 wherein the antibody binds to the same epitope as the epitope to 
which the 2G6 monoclonal antibody produced by the hybridoma cell line deposited under American Type 
Culture Collection Accession Number ATCC binds. 

32. The antibody of Claim 27 having the biological characteristics of the 2E1 1 monoclonal 
antibody produced by the hybridoma cell line deposited under American Type Culture Collection Accession 
Number ATCC 



33. The antibody of Claim 27 wherein the antibody binds to the same epitope as the epitope to 
which the 2E11 monoclonal antibody produced by the hybridoma cell line deposited under American Type 
Culture Collection Accession Number ATCC binds. 

34. The antibody of Claim 27 having the biological characteristics of the 5C2 monoclonal 
antibody produced by the hybridoma cell line deposited under American Type Culture Collection Accession 
Number ATCC 
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35. The antibody of Claim 27 wherein the antibody binds to the same epitope as the epitope to 
which the 5C2 monoclonal antibody produced by the hybridoma cell line deposited under American Type 
Culture Collection Accession Number ATCC binds. 

36. A hybridoma cell line which produces the antibody of Claim 27. 

37. The hybridoma of Claim 36 comprising American Type Culture Collection Accession 
Number ATCC . 

38. The hybridoma of Claim 36 comprising American Type Culture Collection Accession 
Number ATCC . 

39. The hybridoma of Claim 36 comprising American Type Culture Collection Accession 
Number ATCC . 

40. The hybridoma of Claim 36 comprising American Type Culture Collection Accession 
Number ATCC . 

41. A non-human, transgenic animal which contains cells that express nucleic acid encoding Apo- 

2 ligand. 

42. The animal of claim 4 1 which is a mouse or rat. 

43 . A non-human, knockout animal which contains cells having an altered gene encoding Apo-2 

ligand. 

44. The animal of claim 43 which is a mouse or rat. 
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l A 

1 TTTCCTCACTGACTATAAAACAATAGACAAGGAACCCCTTCACTCAC: ;CCTCCC7CGCTGACTTACAr.C ASTC AOACT-.T JA'.AGGATC 

7 1 ATGCCTATCATGGAGGTCCACCCCCCACCCACCCTGGGACAOACCTOCCTCCTCATCCrOATCTTCACA-.r^CTCrT^CAUTC- 

1 «<cAl*MctM«tGluVlG)oCtyClyProS«rL«ur.lYGtn ?hrCv>V<lLeuncV»mtf PhcThrV* I ItfuleuClnSfr - il Lf y« 

111 CTCCCTCTAACTTACCTCTACTTT ACCAACCAGCTCA ACCAGATGC AGGACAACTACTCCAAAACTCCC ATTCCTTCTTTCYTA^ i ' r - * 

31 Val Al*V*lThrTyrV*lTyrPt)»ThrAtn Glut«uLy>GioH«tGlnAapLyiTyrSocLy«ScrGtyIieAI«CytPhcL^^r^T" 

27 1 GATCACAGTTATTCGGACCCCAATGACCAAGACAGTATGAACAGCCCCTGCTCCCAACTCAAGTGCCAACTCCCTCACCTCCTTACAiAC 

(1 AspAsp$«rTyrTrpAipProAtnAspGluGlu5crMctAftn$erProCyftTrpGlnV4 ILyiTrpClnLeuArqClnL«uV* UrgLy* 

3(1 ATG ATTTTGAGAACCTCTGAGGAAACCATTTCTACAGTTCAACAAAAGCAACAAAATATTTCTCCCCTAGTCACAGAAAG AGCTOCTCAC 

*l «cc Ii«L«uAr9ThrS«rGluGluThrIlcScrThrV«lGlnG|uLyaClnGlaAiaIltScrProLeuVjlAroGluA'rgClyProG?n 

4 51 ACAGTAGCAGCTCACATAACTCCQACCAGACCAAGAAGCAACACATTCTCTTCTCCAAACTCCAACAATGAAAAGGCTCTGCCCCC^AA/ 

111 AroV«lAUAl«HiftZl«ThrGlyThrAraGlyArgS«rAsnThrLcuS«rSerProAsnS«rLvsAinGluLvftAl*LeuCiyArctys 

541 ATAAACTCCTCGGAATCATCAAGGACTGGGCATTCATTCCTGAGCAACTTCCACTTGACCAATCCTCAACTG 3TC ATCCATGAAAAACCG 

1S1 !ieAsn$«rTrpGlu£«rS«rAf«StrGlyHiaScrPh*LcuS«rA»nLfluKitL«uAr«AittClyGluL«uV4 ! : t «Hi tO l^i.y«: : / 

411 TTTTACTACATCTATTCCCAAACATACTTTCOATTTCACGAGGAAATAAAAG AAAACACAAACAACGAr AAACAAATCGTCCAATATATT 

111 Ph«TyrTyrl leTyrS*rCinThrTyrPh«ArgPh«GlnCiuCluI leLysCluAsnThrtyftA*uAspLvsG Ir.MctV* ictr.Tyr : le 

7J1 TAC AAATACACAAGTTATCCTGACCCTATATTGTTGATCAAAAGTCC7ACAAATACTTCTTCGTCTAAACATGC A'j*AATATC CACTCTAT 

211 Ty r Ly *TyrThrSerTyr ProA*pProI 1 «L«ut«uH«cLy tSvrA 1 * Ar gA» n £« rCy «TrpSc » ty *a»;>a: *~ IcTyrC i v-cuTyr 

• 11 TCC ATCTATCAAGCCCCAATATTTGAGCTTAAGCAAAATGACACAATTTTTCTTTCTGTAACA AATC ACC ACTT 3 ATAGAC AT*^A~"iT 
24 1 S-r I I «TyrClnG lyCly 1 1 •PheGl uLeuLy*CluA«n)k»pArgI le?h*Va 1 S*rV*iTh: Ar.nO t 6-_- - : l«A«pV.«-.A»r.K i * 

♦ 01 CAACCC ACTTTTTTCGCCCCCTTTTTAGTTCGCTAACTGACCTGGAAAGAAAAAGCAATAACCTC AAACTOACT ATTCACTTT*' lAZZ-' 
27 l Oiu Al as«r Ph«Ph«G lyA laPheLeuVA IClyStp 

»1 1 GATAC ACTATGAACATCTTTCAAAAAATCTGACCAAAACAA ACAAACAG AAA 
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